»      I      II      J  ^ 


W/A/2>     COUB  C  T/^A/ 


RFC^fVED 

NOV  -9  1979 


NBS  SPECIAL  PUBLICATION  523 


U.S.  DEPARTMENT  OF  COMMERCE  /  National  Bureau  of  Standards. 


grhflT>a    Tin  *^^-^0X» 


WIND  AND  SEISMIC  EFFECTS 


Proceedings  of  the 
Ninth  Joint  UJNR 
Panel  Conference 


r 


NATIONAL  BUREAU  OF  STANDARDS 


The  N;ition.iI  Bure;iu  ul  .-)Uuiu.uds'  was  established  h\  an  act  ot  ('ongress  March  3,  1901.  The 
Bureau's  overall  goal  is  to  strengthen  and  achancc  the  Nciiion's  science  and  technology  and 
fji. iliUtU-  iheir  cRcciivt:  applic:Uii.ni  fur  pubhc  benefit.  I'u  this  end,  the  Bureau  conducts 
research  and  pru\'ides:  (.  1 1  a  basis  tor  ihe  Nation's  ph)sical  measurement  system.  (2)  scientific 
and  technological  services  Tor  industfy  and  government,  (3)  a  technical  basis  for  equity  in 
iiade.  ;ind  (4)  lechtilc.tl  scr'. ii.cs  to  pronioic  [>ah]ic  s.ifelN.  The  Hiircaii's  technical  work  is 
performed  by  the  National  Mca!>uremcnt  Laburaior>.  ihc  National  bngmecnng  Laboratory, 
and  ihe  Institute  for  Computer  Sciences  and  Technology, 

THE  NATIONAL  MEASUREMENT  LABORATORY  provides  the  nationat  system  of 
physical  and  <(hemicat  and  materials  meajurement:  coordinates  the  system  with  measurement 

svstems  vif  other  tia'.ions  and  furnishe'i  essential  services  leading  to  accurate  and  uniform 
physical  and  chemical  inea.surcmcnt  throughout  the  Nation's  scientific  communit),  industry, 
and  commerce  conducts  materials  rese.irch  leading  to  improved  methods  of  measuremem, 
standards,  and  d.ita  on  the  properties  L>f  materials  needed  by  indusiry.  commerce,  educational 
institutions,  and  Cimcrnrneru.  pr<.)Mdcs  jd\isv)r\  and  research  services  to  other  Government 
.•\gcuucs.  develops,  pruduccii,  and  dislribulcs.  Standard  Rclcrcnct  Maicriala,  and  provides 
calibration  services.  The  Laboratory  consists  of  the  following  centers: 

AbM>luLe  Pliysicai  Quantuie!)  —  Radiation  Research  —  i  herinodynaintci>  and 
Molecular  Science  —  Analytical  Chemistry  —  Materials  Science. 

THE  NATIONAL  ENGINEERING  LABORATORY  provides  technology  and  i«u;hHicat 
services  to  users  in  the  public  and  private  sectors  to  address  national  needs  and  to  solve 
national  problctn^  in  the  public  interest:  oi}nductH  research  in  engineering  and  applied  science 
in  support  o(  obicctives  in  these  efforts,  builds  and  maintains  competence  m  the  necessary 
disciplines  required  to  carry  out  this  research  and  technical  service;  develops  engineering  data 
,mJ  measurement  capahilmcs:  provides  engineering  measurement  traceabihty  services: 
develops  (CSI  mcih^)ds  and  proposes  engineering  Standards  and  code  changes;  develops  and 
prupo:ies  new  engineering  practices,  and  develops  and  improves  mechanisms  to  transfer 
results  of  its  research  to  the  utiimate  user.  The  Laborutoiy  consists  of  the  following  centers: 

Applied  .Vlalhcmalic*  —  Llccironics  and  Llccincal  Unginecnng  —  Mechanical 
Engineering  and  Process  Technology'  —  Building  Technology  —  Fire  Research  — 
Consumer  Product  Technology  —  Field  Methods. 


THE  INCTITUTE  FOR  COMPUTER  SCIENCES  AND  TECHNOLOGY  conducts 


research  .ind  provides  scientific  and  technical  services  to  aid  I  cderal  Agencies  m  the  selection, 
acquisition,  application,  and  use  oi  computer  technology  to  improve  effectiveness  and 
economy  in  Government  operations  in  accordance  with  Public  Law  89-306  (40  U.S.C.  759), 
relevant  i  xecutivc  Orders,  and  lUher  directives;  carries  out  this  mission  by  managing  the 
F  ederal  liiFormafion  Processing  Standards  Program,  developing  f  ederal  ADP  Standards 
guidehnes,  ,nid  managinp  Federal  participation  in  ADP  voluntary  standardization  activities; 
pro^'  ides  scientiiic  and  technological  advisory  serv  ices  and  assistance  to  Federal  Agencies:and 
provides  the  technical  tViundatu>n  fur  computer-related  policies  of  the  Federal  Government. 
I  hc  liisiiiuic  cuiisi.si.s  ul  ihc  k'Uovving  divisions; 

Systems  and  Software  —  Computer  Systems  Engineering  —  Infonnation  Technology. 

'Headquarter*  and  Labofatories  al  Gatiliersbufg.  Maryland,  unless  otherwise  noted: 

mailing  addresi  Washington, DC  ?0?M 

'Some  division<  within  the  ccnti-r  .;re  loc.i'.^d  .ii  BouUier.  (  olnrado,  so?i).' 


Tlie  National  Bureau  of  Standards  was  reorganized,  effective  AprM  9,  1978. 


igitized  by 


WIND  AND  SEISMIC  EFFECTS 


Proceedings  of  the  Ninth  Joint 
Panel  Conference  of  the  U.S.-Japan 

Cooperative  Program  in 
Natural  Resources 


May  24-27,  1977 
Tokyo,  Japan 


H.S.  Lew,  Editor 

Center  for  Building  Technology 
National  Engineering  Laboratory 
National  Bureau  of  Standards 
Washington,  D.C.  20234 


U.S.  DEPARTMENT  OF  COMMERCE,  Juanita  M.  Kreps,  Secretary 


Dr.  Sidney  Harman,  Under  Secretary 

Jordan  J.  Baruch,  Assistant  Secretary  for  Science  and  Technology 
NATIONAL  BUREAU  OF  STANDARDS.  Ernest  Ambler.  Director 

Issued  September  1978 


Digitized 


Library  of  Congress  Catalog  Card  Number:  78-600082 


National  Bureau  of  Standards  Special  Publication  523 

Nau  Bur.  Sund.  <U.S.K  Spoc.  PuU.  523.  318  |M|W  (Sept.  I97S) 
CODEN:  XNKAV 


US,  GOVERNMENT  PRINTING  OFFICE 
WASHINOTON:  197S 


Mle  lar  the  Snperimaiital  of  DoghmoHi  VS.  Ovmamat  Waikm  OOce,  WMrinHoiw  O.C 

Stock  No.  003-003-AI 979-8  Price  $6.75 
(Add  25  percent  addittooal  lor  other  than  VJS.  mailint). 


Digitized  by  Coogl 


Joint  HMtlag  of  tho        «  Japan  P«n«l  on  tHiid  «ad  Solanlc  Sffoeta 


FUFACS 


held 


in  Tokyo,  Japan  on  Kay  24-27,  1977.    This  panal  la  a  part  of  the  U.S.  •  Japan  Cooperative 

Proijrain  in  Natural  Resources  (UJNR) .     The  tJi.R  was  estabiibned  in  19&4  by  Che  U.S.  -  Japan 

Cabinat-laval  ConDlttae  on  Irade  and  ficononlc  Affaire.    Ibe  puxpoaa  of  the  UJMR  ia  to  excbanca 
aelaBtif  Ic  and  toclnologlcal  Inf  orMtlon  uliidi  ulll  te  ■utvally  bannf  Iclal  to  tlie  aeononlca 
and  welfare  of  both  eoantrlea. 

These  proeeedlnge  Include  the  program,  the  foTwl  reaolutlons,  and  the  technical  papera 
presented  at  che  Joint  Meeting.    The  texts  of  the  papers,  all  of  which  were  prepared  in 
Bngliah,  have  bean  edited  for  obvioua  errors  and  clarity. 

It  sbottld  be  noted  that  thxougliottt  tbe  proeaidinss  certain  ooBerclal  equlpMBt,  inatm- 
■enta  or  ■atcrlala  are  identified  in  order  to  apeclfy  adequately  eiverlaental  procedure.  In 
no  case  does  such  Identification  imply  reconmendation  or  endorsement  by  the  National  Bureau 
of  Standards,  nor  does  it  liaply  that  the  material  or  equipment  identified  is  necessarily  the 
beat  for  the  purpoaa. 

Publication  of  these  procMdlnfa  la  partially  supported  by  the  national  Science 


lbnndation< 


H.  -8.  lev.  Secretary 

U.S.  Panel  on  Wind  and 
Seismic  Effects 


ill 


Digitized  by  GoQgle 


SI  Oormucsion  Oiits 


m  view  of  present  accepted  pcactice  in  this  technological  area,  U.S.  customary  units 
Of  aMMraMnta  hem  been  uoed  thraug^t  this  rapoct.  it  flbould  be  noted  that  the  U.S. 
i»  •  tignebOKy  to  the  Gmecel  OonfeMnoe  «n  Nbigbbe      NMeuree  iMdi  g«M  official  atabie 
to  tlie  ■etrle  81  egBtoem  of  taiits  In  1960.  Oonrenlon  factora  fbr  units  in  tills  nport  atet 


mlt 


or 
Bending 


weiaht 


inch  (la) 
fwb  (ft) 
pound  (Ibf) 
kilogcam  (kgf) 


inch  (psi) 
klppei 
inch  (ksi) 
incfripound  (iit-lb£) 
foot^poona  (fb-lbf) 
poin^iiicli 

(Ibf-ft) 


International 
ISlis  UMT 

■etec  (n)* 

(■) 

W 

newton  (N) 


joule  (J) 
joule  (J) 


(IHi) 
(IHi) 


Oonversion 

1  inH).025«ii* 
1  tt^M^ 
I  lfafM.48H 

1  I«gfr9.807 


(lb) 


kUograe  (kg) 


1  IC8i-5895xlO%/ta* 
1  in-lb£-0.1130  J 
1  ft-lbe-1.355B  J 
1  lbfr'ln-0.1130  Itm 
1  lbf-fM.3S58  IHI 

1  lb-0.4S3e  kg 


Unit  Weight      pound  per  cubic  £oot 

(pef) 


foot  per  seoond 
(fViec) 


Jlooeleration    foot  per  second  ^ 

(£t/see2) 


kilogran  pec  cubic 


( 


in  per 

bg/«? 


) 


mjtia  per  second 


per 


second 


1  pcf-16.018  kg/nP 


1  Q?e-0.30I8  Vs 
1  f  t/eec^0.3IM8  m/^ 


^ter  B>ay  be  subdivided.  A  cmtiaeter  (cm)  is  1/100  m  and  a  nllliBeter  (»)  is  lAOOO  n. 

iv 


Digitized  by  Google 


Hw  Miatli  Joint  HMtliw  of  feho  U.S.  -  J«pM  FmmI  on  Hind  and  Soindc  Bffoeto  una  hold 
In  Tblgro,  Japan  on  Majr  24-27 »  1977*   Tha  pzocaadlngia  of  tlw  Joint  Ifaatiag  Induda  tha  ptogem, 
tha  femal  reaelutiono,  and  tlia  taebnieal  papara.    Tha  aabjacta  eevarad  1a  the  papers  Induda 
(1)  characteristics  of  strong  winds,  (2)  wind  loads  on  structures  and  design  criteria,  (3) 
aarttaquaka  pxadietimf  (4)  aarthquaka  ground  notlona  and  aolX  falloraa,  (5)  aaiaalc  loads 
on  atzuetncaa  and  dnaipi  exitarin,  (6)  daaipi  of  apacial  attuetutaa*  (7)  aarthquaka  haaaxd 
xaduetlon  piogcaa,  and  <•)  qvantitntifn  ofaluatlon  of  danagaa  oauaod  by  winda  and  aarttaifttakaa. 

Kqr  Hoidas  Aeealaxatraph;  aadaa;  daaim  ecitaslai  diaaatar^  aartliqoakaa;  aazthquaka  liaaarda; 

grooad  failwraa;  aoianiettyi  aollda;  atandatdat  atcuctwral  anginaasinBl  atrue- 

tural  responses;  wind  loads;  and  winds. 


T 


Digitized  by  Google 


OGNTEMTS 


Page 


Preface   iii 

SI  Oonversion   ijt 

AhR^rar1^   V. 

Program  of  the  Joint  Meeting   x 

List  of  Manbers   xiv 

Formal  Rpsoliitions   xvill 

Ihenies  and  Technical  Papers  ♦ 

Ttif^  T ;    CHARACTERISTICS  OF  STRCWG  WTtPS 

Distribution  Models  of  Pressure  and  Wind  over  Stationary  Typhoon  Fields  .  .  .  I-l 

aiiqemi  Fujiwhara  and  Kiyoshi  Kurcishiqe 

Extreme  Winds  in  the  United  States   I-IQ 

Thomas  D.  Potter  and  Michael  Changery 

Thane  II;    WIND  DOftDS  OJ  STRLXnURES  AND  DESIGN  CRITERIA 

Aerodynamic  Stability  of  a  Long-Span  Suspension  Bridge  at  Construction 

Stage   I  I-l 

T.  Kunihiro,  N.  Narita  and  K.  Yokoyama 

Theme  III;    EARmpOMCE  PREDICTION  ( STOTE-OF-THE- ART  REPORTS) 

Present  Situation  of  Earthquake  Prediction  Research  in  Japan   III-l 

Kfl2uo  Hamada.  Hiroshi  Takahashi.  Hiroshi  Sato  and  Akira  Suwa 

The  Conplementary  Inportance  of  Earthquake  Prediction  and  Structural 

Response  Estimation  in  Seianic  Design  and  Planning  Decisions   III-20 

Rpbin  K.  McQiire 

Research  and  Development  of  Permanent  Ocean-bottcro  Seiarpgraph  Observation 

System  Off  the  Pacific  Coast  to  Central  Honshu,  Japan    III-30 

Akira  Suwa,  Norio  Yaroakawa  and  Tatsuto  linuma 

yprtiral  nistrihtition  of  the  .Spiamic  S-Wavp  Velocitipfi  at  the  Site  of  the 

Iwatsuki  Deep  Borehole  Observatory  of  Crustal  Activities    III-44 

Fumio  Yamamizu,  Hiroshi  Takahashi.  Noritoshi  Gotoh,  Yutaka  Ohta  and 
Keiii  Shiono 

Research  on  Active  Faults  in  the  Metropolitan  Area   III-55 

Hiroshi  Sato  and  lYishihirn  Kakimi 

Theme  IV;   earthquake  ground  motions  and  soils  failure 

characteristics  of  Vertical  Conponents  of  Strong-Motion  Accelerograms  .  .  .  .  IV-1 

I^tsuo  Uwabe,  Setsuo  Noda«  Eiiehi  Kurata  and  Satoshi  Hayashi 

Developments  in  Strong-Motion  Data  Management    IV-20 

A.  Gerald  Brady 

On  A  Method  for  Synthesizing  the  Artificial  Earthquake  Waves  by  Dsinq  the 

Prediction  Error  Filter    IV-2a 

Keiichi  Ohtani  and  Shigec  Kinoshita 

Statistical  Analysis  of  Strong-Motion  Acceleration  Records   IV-48 

Masamitsu  Ohashi,  Ttoshio  Iwasaki,  Susuiiu  Wakabayashi,  Ken-ichi  Takida 


vii 


Research  on  Design  Earthquake   IV-78 

DetemiAnation  of  wave  Propagation  Vi&locities  in  Subsurface  Soil  Layers.  .  .  .  IV-96 

YUkitake  Shioi  and  Toshio  Iwasaki 

Studies  on  Soil  Liquefaction  Related  to  Earthquake  Resistant  Design  of 

structures   IV-115 

Masamitsu  Ohashi.  Toshio  Iwasaki  and  Fuinio  Tatsuoka 

Earthquake  Resistant  Designs  Based  on  Ground  Motions  at  Base-Rock    IV-158 

Eiichi  Kuribayashi,  and  Kazuhiko  Kawashiina 

TlTPmft  Vi     RF.lfMlC  tnADS  ON  STRtJCTtJRES  AND  DESIGN  CRITERIA 

Basic  Earthquake  for  Dam  Design   V-1 

Jerry  S.  Dodd 

Study  on  Regional  Distribution  of  Maximum  Earthquake  Motions  in  Japan  .  .  .  .  V-1 4 

Masakazu  Ozaki,  Yoshikazu  Kitakawa  and  Sadaiku  Hatter i 

Treatments  on  Seismic  Force  in  Designing  Earth  Structures    V-45 

Kenkichi  5;awada 

Studies  on  the  Aseiaroic  Properties  of  Underground  Pipes    V-53 

Keiidii  Obtani,  Nobuyuki  Ogawa  and  Chikahiro  Minowa 

Cbservation  of  Dynamic  Behavior  of  Kinuura  Subnierged  Tunnel  during 

Earthquakes   V-69 

Shigeo  Nakayama,  Osamu  Kiyomiya  and  Hajime  Tsuchida 

A  Proposal  for  Earthquake  Resistant  Design  Methods   V-80 

Kiyoshi  Nakano  and  Masamitsu  Ohashi 

On  the  Object  i^stulate  for  Earthquake-Resistant  Code   V-1 02 

Kiyoshi  Nakauo,  Yuji  Ishiyama,  Yoshitsugu  Aoki  and  Kazumasa  Watanabe 

VT.     nRRTGM  np  SPRTTAT.  STRnPTTlRRS 

The  Earthquake  Response  of  Hysteretie  Structures   VI~1 

W.D.  Iwan  and  N.C.  Giates 

Earthquake  Resistant  Design  of  High-rise  Buildings  in  Japan    VI-15 

Racking  Strength  of  Wood-frame  Walls   VI- 25 

Roger  L.  Tuomi 

Theme  VII:     EARTHOUftKE  HftZflRD  RETOCTICW  PROGRflM 

Examination  for  an  Evaluation  Method  of  Damage  to  Existing  Wooden  Houses 

Caused  by  Earthqucikes   VII-1 

Kaoru  Ichihara,  Eiichi  Kuribayashi,  Tadayuki  Tazaki,  and  Takayuki  Hadate 

Relationship  Between  Modified  Hercalli  Intensity  and  Wood  Frame  Dwelling 

Earthquake  Insurance   VII-16 

Karl  V.  Steinbruqqe  and  S.T.  Algermissen 


vlll 


ThODe  VIII:    QUMnTERTTVE  EVAWRTIONCF  BMWSES  CMJSED  BY  WINDS  AND  EARTHOOAKES 

(INCrjUDING  TECHNICAL  COOPERATIONS  IN  DEVEIOPIbG  COUNTIES) 


Warrants  for  Retrofitting  Highway  Bridges   VIII-I 

Anatole  Longinow,  Ernest  Bergmann  and  James  D.  Cooper 

Criterion  on  the  Evaluation  of  Seiawic  Safety  of  Existing  Reinforced 

Ooncrete  Buildings  VIII-22 

Kiyoshi  Nakano,  Masaya  Hiroeaua  and  Shin  Okanoto 

Transferring  the  Technology  for  Wind-resistant  Buildings  to  Develqping 

Countries    VIII-42 

Noel  J.  Raufaste.  Jr. 


Sx 


MTWm  jnTMT  MRKTTMG 
OP  TOE 

n.S.- JAPAN  PANEL  ON  WIKD  Km  SEISMIC 
MAy  24-27,  1977 

KEIDAMREN  KAIKAN 


TUESDAY-tey  24 


9:30  Call  to  order  by  Dr.  "tedayoshi  Okubo,  Head  Planning  and  Heaearch  Mministra- 

tion  Division,  Public  Works  Research  Institute 

Reniarks  by  Mr.  "fakashi  Inoue,  Engineer  General,  Ministry  of  Construction 

Remarks  by  Mr.  Justin  Bloom,  Actii^  Counselor  for  Scientific  and  Ttechnolqi- 
cal  Affairs,  D.8.  Bnbaasy 

Remarks  by  Mr.  Kimio  Fukushima,  Chief,  International  Division,  Prcinotion 
Bureau,  Science  and  Itechnology  Agency 

Remarks  by  Dr.  Chester  R.  Benjamin,  Assistant  Director,  International 
Program  Division,  Agricultural  Research  Survey,  Department  of  Agriculture 

Remarks  by  Dr.  Kaoru  Ichihara,  Director,  Pofalic  WOrks  Research  Institute, 
Ministry  of  Construction 

Remarks  by  Dr.  E.O.  Pfrang,  Chief,  Structures,  Materials  and  Safety  Division, 
Center  for  Building  Technology,  NEL,  National  Bureau  of  Standards 

Introduction  of  united  States  Panel  Meanbers  by  U.S.  Chairman  and  Japan  Panel 
Menbers  by  Japanese  Chairman 

Rli»r«-<on  of  Pprmanpnt  Chainiuin 

Adoption  of  Agenda 

1:00  p.m.  Ch  Distributicm  Models  of  Pressure  and  wind  over  Stationary  Typhoon  Fields  — 

Shigemi  Fujivrfiara,  and  Kiyoshi  Kurashige 

1:25  Bctreroe  Winds  in  the  United  States  —  T.D.  Potter 

1:50  Aerodynamic  Stability  of  a  Long-span  Suspension  Bridge  at  Construction 

Stage  —  Itetsuo  Kunihiro,  Nobuyuki  Narita,  and  Koichi  Yokoyatna 

2:15  Diftf'iiBsirtn 

2:40  Present  Situation  of  Earthquake  Prediction  Research  in  Japan  —  Kazuo 

Hamada,  Hiroshi  Sato,  Hiroshi  Takahashi,  and  Akira  Suwa 

3:05  The  Conpleroentary  Importance  of  Earthquake  Prediction  and  structural 

Reqxanse  Estiroaticn  in  8»l«Bic  Dwian  and  Planning  Decisions  —  R.K.  McGuire 

3:30  Discussion 
3:50 


4:05  Research  and  Development  of  Permanent  Qeean-Bottom  Seianograph  Observation 

System  Off  the  Pacific  Coast  of  Central  Honshu,  Japan  —  Akira  Suwa,  Norio 
Yamakawa,  and  Tatsuto  linuna 


4:30 

4:55 

5i2Q 

WEXMESEftY-May  25 
9t00  a.m. 

9:25 
9:50 

UhlS 
llhiS 
IfliSi 

liilQ 
0;05  pjn. 

Limi 

ii25 

2il5 
2i4Q 
3:05 

li3Q 

ilQ5 
4x30 

Ai55 


Vertical  Distribution  of  the  Seianic  S-wave  and  ItesponBe  Characteristics  at 
the  Site  of  the  Iwatsuki  Deq>  Bore  Hole  Gbeervatory  of  Crustal  Activi- 
ties —  Funic  Yamenizu,  Hlroabi  Tskahashi,  Aitaka  Oita,  Noritoshi  Gotoh, 
and  Keiji  Shiono 

Besearches  of  Active  Faults  in  the  Hetropolitan  Area  —  Hiroshi  Sato, 
and  Itofihihiro  Kakini 

Adjourn 


Characteristics  of  Vertical  Corrponents  of  Strong-Motion  Accelerograms  — 
Tatsuo  lynabe,  Setsuo  Woda,  Eiichi  Kurata,  and  Satoshi  Hayashi 

Developments  in  Strong-Motion  Data  Management  —  A.G.  Brady 

On  a  Method  for  ^thesizing  the  Artifical  Earthquake  Vtave  by  Dsing  Predic- 
tion Error  Filter  —  Keiichi  Ghtani,  and  Shigeo  Kinoshita 

Diacusaion 

Recess 

Statistical  Analysis  of  Strong-Motion  Acceleration  Becorda  —  Masamitsu 
C3hashi,  Itoshio  Iwa&aki,  Susumu  Wakabayashi,  and  Kenichi  Itokida 

Research  on  Design  Earthquake  —  Makoto  Watabe 

Discussion 
Recess  f Lunch) 

Properties  of  Superficial  Layer  for  Vibration  —  !ftikitake  Shioi,  and  Toshio 
Iwasaki 

Studies  on  Soil  Liquefaction  Relating  to  the  Earthquake  Resistant  Design  of 
Structures  —  Masamitsu  Chashi,  Ttoshio  Iwasaki,  eaid  Fumio  Tatsuoka 

Earthquake  Resistant  Design  Baised  on  Ground  Motions  at  Base-Rock  —  Elldti 
Kuribayashi.  and  Kazuhiko  Kawaahima 

Basic  Earthquake  for  Dam  Design  —  J.S.  Dodd 

Study  on  Regional  Distribution  of  Maximim  Eartliquake  Motion  in  Japan  — 
Masakaau  Ozaki,  Makoto  Watabe,  Yoehikaau  Kitagawa,  and  Sadaiku  Battori 

Disrufifiion 

Treatments  on  Seianic  Force  in  Designing  Earth  Structures  —  Kenkichi  Sawada 

Studies  on  the  Aseianlc  Properties  of  Chderground  Pipes  —  Iteiichi  Ohtani, 
Nobuyuki  Ogawtt#  and  Chikahiro  Minowa 

Observation  of  DyncPiic  Behavior  of  Kinuura  Submerged  Tunnel  During  Earth- 
quakes —  Shigeo  Nakayama,  Osanu  Kiyomiya,  and  Hajime  Tsuchida 

xi 


5i20 
5:45 


Oiflcussixxi 
Mjoucn 


IBURSDMHlay  26 
9(00 

9t25 

9i50 
10:10 
10s25 
10s50 

11:15 
llt40 

0:05  p.m. 

ItOO 

1:25 

ItSO 

2:15 
2:40 
3:00 

5:00 


A  ProE)osal  for  Earthquake  Rwistant  Design  Ibtfapde  —  KiyPdil 
and  Miaanitsu  Qhashl 

Cn  the  Object  Postulate  for  Earchquake-BCMBiatant  Obde  —  Kiyoshi  ItokanOr 

Yuji  Ishiyama,  and  Yoshitsugu  Aoki 

Discussion 


Hie  Eertiiqmkie 


of  qyMecetic  Structwea  --  1f.O.  Imn 


Eertfagualie  Braletant  Design  of  Hi^Rise  Bnlldlngs  In  Jaipen  —  Iteilchl 
Ohtani 

RKklng  Strength  of  Mbod-Praw  MUs  —  Roger  L.  nxai 

DiaeusBlon 

Recess  (Lunch) 

Branded  Bole  of  the  Hetional  acienoe  foundation  Burtfaquake  Bigineeclng 
Progran  —  J.B.  Scalsi 

Examination  for  an  Evaluation  Method  of  Damage  of  Bcisting  Wooden  Houses 
Okused  by  Earthquakes  —  Kaocu  Idiihecar  Biidii  HocibqiMU,  SiSiiyukl 
Taxakif  and  laicqrukl  Badate 

Modified  Mercalli  Intensity  Itlatior.ships  to  Wbod  PrMe  OMlling  Bdrtb^lMhe 
Insurance  —  K.V.  Steinbcug^,  and  S.T.  ALtemiissen 


Dlscuseion  of  nek  QOnnltfeee 

Adjourn 


ftaSKHttljf  27 
9:00  a.in. 
9i25 

9:50 
10:15 
10:40 

lOiSS 


Narrents  foe  Retrofitting  Highway  Briciges  —  J.D.  Cooper 

Criterion  on  the  evaluation  of  Seionic  Capacity  of  ficisting  Rftinforoed 
Gbncrete  Buildings  -~  Riyoshi  Bakanor  Manqfa  BiFoeeiNi,  and  Shin  Oknoto 

Ttansf erring  Wind  Technology  to  Developing  Countries  -  N.J.  Raufaste 

Discussion 


*  ^>ecial  Presentation 

*  Ihwestigation  B^t  of  the  Barthguake  in  Bmania,  Herch  4,  1977  -  Seijl 
Mm,  Blidii  Knrihayashi,  and 

xil 


Digitized  by  Google 


U>S5  aNtw  (bindi) 

ItOO  pM*  Roport  of  Itak  OttHiittM 

2:20  Resolution 

2:50  IteoesB 
3i00 

Qosing  Session 

3t30 


Kill 


Digitized  by  Google 


U.S.  Mml  on  Nina  and  Seianic  BCfects 
nwturriiUi  List 
Hqr  1977 


Dr.  BdMBTd  0.  V£r«n9 
Chairman 

Oiief,  Structures,  IMKlals  and 

Sate^  Divialon 
Oenter  for  Building  Technologyf  NO. 

National  Bureau  of  St^ 
itoon  B366,  Bldg.  226 

D.C.  20234 


Dr.  S.T.  Alger  mi  ss.en 

or  £  ice  or  Earti-iqiiake  Studitt 

Denver  Federal  Oenter 

Branch  of  nrthgwdM  UK  ion  lea 

U9GS 

Stop  978 r  tox  25046 
Denver,  Colorado  802K 
303-234-4014 

Mr.  Billy  Bohannan 
Assistant  Director 
Mbod  Bigineering  Rsaeareb 
MBiat  Product*  Laboratoqr 


53705 


P.O.  Box  5130 
Madison,  Wiaconain 
€09-257-2211 


Dr.  Rogert  D.  Borcherdt 

Office  of  Eartfxiuake  Studies 
Branch  of  Earthquake  Hazards 
OSGS 

345  Hiddlefied  Road 

Menlo  Park,  California  94025 

41S-329-CU1  (m  4C7-27S5) 

Dr.  CharlM  6.  Culver 

Disaster  Research  CDordinator 
Nationad  Bureau  of  Standards 
Room  8212,  Bldg,  225 
Maabington,  D.C.  20234 
301-921-3126 

Mr.  Jerry  Dcdd 
Bureau  of  Reclamation 
Mail  Code  230 
P.O.  Bnc  25007 

Denver  Federal  Center 
Denver,  a>lorack»  80225 


Cr.  Michael  P.  Gaus 
BeaS,  Bigineering 


NBdHniica  fltctlon 


Qvgineering  Division 
National  Science  Foundation 
1800  G.  Street,  N.W. 
Nuhingtonr  D.C.  20550 


Mr.  John  J.  Ftealy 
Deputment  of  the  Amy 
DAEN-REM 

Maahington,  D.C.  20314 
202-693-7297 

Dr.  William  B.  Joyner 
OCfloe  of  Barthquaica  Studies 
Brsnch  of  bcthqusks  Buseds 

U9GS 

345  Middlefield  Road 

Hanlo  Bark,  California  94025 

413-323-6111  (RS  4S7-27S4 

Mr.  John  W.  Kdufnwm 

Aerospace  Environment  Division 

B842-^pace  Science  Laboratory 
MMlonal  JtoronauticB  wad 

Marshall  9pacfi  Flight 
35812,  205-453-3104 


DC.  »al  E.  lafieur 
Dlrsctoc 

National  Hurricane  and 
Meteorology  Uiboratory 

National  Oceanic  and  Atmosphsric 
Adninistration 

P.O.  Box  248265 

Coral  (tables,  HOCida  33134 

305-350-4150 

Dr.  Richard  D.  Mc  OonnsU 

Office  of  Construction 
Veterans  /^ministration 
811  Vermont  Ave.,  N.W. 
Hashington,  D.C.  20234 
202-369-3103 

Dr.  Richard  D.  Marshall 
Bseearch  Structural  Bfigineer 
Mitlonal  Bureau  of  Bfcandacdi 

Room  Bldg.  226 

Washington,  D.C.  20234 
301-921-3475 


Dr.  K.B.  Nitthlesen 

Qiief,  Branch  of  Seismic  Enqii 
Office  ot  saitliquake  Studies 
USGS 

345  Middlef  iald  Road 

imao  Msk,  OaiCtenia  M02S 

415-323-6111  (RB  467-2861) 


Jiftdnlstratlon 


xlv 


Digitized  by  Google 


Nr.  Howard  L.  Metealf 
Staff  Bagineer 

Oonstrtiction  Standards  and  Design 

Directorate 
Office  of  the  Assistant  Secr«tary 

of  Defense 
RDcm  3E763 
The  Pentagon 
Washington,  D.C.  20301 
202-695-2713 

Mr.  Keil-h  0.  O'Donnell 

Assistant  Chief,  Structrual  Branch 

Bigineering  Division,  ClvU.  Mbclw 

Directorate 
Off los  of  He  Oilof  of  Engineers 

ATITJ:  DAEN-CWE-D 

Washington,  D.C.  20314 

Oc.  SnnM  D.  Pottec 
Uieuloi' 

National  Cliiratic  Center 
Enviconnnentai  Data  Service 
Hational  Oceanic  and  AtMijtierte 

AininiBtretion 
Meral  BuiUing 
Aaheville,  North  Cacdina  28801 
704-258-2850  x  236 

DC.  Hohn  B.  Scalzi 

Program  Manager,  Earthquake  Bigineeca 
Division  of  Advanced  EnvirOOHntai 

Research  and  tDechnology 
National  Seianoe  fbunatation 
1800  G  Street,  N.W. 
Washington,  D.C.  20550 

Mr.  Charles  Scheffey 
Direetor 

offic<?  of  Raaaacdi 

HfS-l 

Federal  Highway  ^Vlninistration 
D^artiDent  of  Itaisportation 
WHiiingtau  D.C.  20590 
202-42fi-2M3 

Mr.  Lawrence  C.  ShaO 

Chief,  Structural  Bigineering  Branch 
Hoclear  Regulatory  OnaniiBiifln 

Washington,  D.C.  20SS5 
202-492-8035 

De*  Huren  A.  Shaw 

Bead,  Civil  Bnginaerlng  Dapartaent 

Civil  Engineering  laboratory 
Naval  Construction  BattalicMi  Center 
nrt  Bmmm,  CUl£acnia  93043 


Nr.  milian  J.  Werner 
Bnergy  Building  Technology  and  Standards 
Department  of  Housing  and  Urban  Develofaient 
Boon  8158 

451  7th  Street,  S.W. 
Washington,  D.C.  20410 
202-7SS-0642 


Dr.  A.  Gerald  Brad!^ 

physical  Scientist 

Office  of  Eattiiquake  Studes 

U9GS 

345  Menlo  Park,  California  94025 
415-323-«m  (fT8-4e7<-2881) 

I^.  Janes  D.  Cooper 

structures  &  kpgHied  Mechanics  Oiviflicn 
Federal  Higlmay  Mainlstration 
ofifiM  of  wtmudtk  Bie-ii 
Itahingtan,  D.C.  20590 

Mr.  G.  Robert  Fuller 

Architectural  and  Bngineering  Division 

Departaent  of  BDOslng  and  tkban  Dewriqpent 

Fooin  6176,  451  7th  Street,  8.W. 
Washington,  D.C.  20411 

Dr.  H.S.  Lew 

Secretary 

structures.  Materials  aiK^  Safety  Division 
Center  for  Building  lechnology,  DEL 
Washington,  D.C.  20234 
301-921-3158 

Dr.  Oiarles  T.  Thld. 
Deputy  Director 

Dlvison  of  Mvanoad  Bnvironmtal  Baaaarch 

and  "Pechnology 
National  Science  Poundation 
1800  G.  Street,  N.W. 
Washington,  D.C.  20550 
202-e32-S734 

Mr,  Drew  A.  Tiedanann 

Bureau  of  Recl.amation 

Engineering  and  Research  Center 
Penwer  Bednral  Center 

P.O.  Box  25007 

Denver,  Colorado  80225 

303-234-3029 


XV 


Digitized  by  Google 


THwmiM  ViHMl  on  Wind  and  Selaaic  Efteets 


Monbecshijp  List 


Oc.  Xaocu  Ichih«r««  ChainMn 

DlrttCtOC  Public  NBClHI  RHMCdl  fimtitufat 

Ninistcy  of  Oonstruction 

tk.  Shigemi  Pi^ivhara,  Meuiber 
HMd,  lyphoon  Iteoeacch  Division 
Neterological  Research  dstltute 

Or.  Satoshi  HayMhi,  Member 
Director 

Port  and  Barbour  Rssearch  Institute 
Ministry  of  Oonstruction 

Mr.  loshio  IwasaRi,  Menber 
Oilef  nesesrehar» 

Buildirrq  Research  Institute 
Ministry  o£  Cutis  tiLic-t  nan 

Mr.  ixwhio  Iwisaki,  Menber 
Chiefs  Grand  Vtbration  Stetin 

EartJiqijaice  Disssbet  Ptevcntloii  Diirision 

Chiba  Branch 

Public  Works  Research  Instituts 
Ninistiy  of  Oonstcuctlon 

Dr.  Itstsuo  RunihirOr  Meober 

Head,  Structure  and  Bridge  Division 

Chiba  Branch 

Public  MDcks  Research  instituts 
Ministry  of  Oonstruction 

Mr.  Eiichi  Kuribayashi,  Member 
Chief,  Earthquake  Engineering  Section 
Barttiquake  Disaster  Pcevention  Division 
Chiba  Branch 

Public  Works  Researdi  institute 
Ministry  of  Oonstruction 

Mr.  fttsuro  Murota,  Member 
Oiief ,  Structure  Section 
Structure  Division 
Building  Rasearcfa  Institute 
Ministry  of  Oonstruction 

Dr.  Keikichi  Naito,  Member 
Head,  ."Neterological  Satellite  Division 
Meter ological  Research  Institute 
Iteterological  Agency 

IX.  Kiyoshi  Nakano,  Member 
Assistant  Diri?ctor 

Building  Research  institute 
Ninistiy  of  Oonstruction 


Mr.  Mobuyulci  Nwrita,  Nnfaer 
Chief r  SLiucLures  Section 

structure  and  Bridgs  Division 

Qiiba  Branch 

Public  Works  nssearch  msbitubs 
Ministry  of  Oonstruction 

Dr.  ftjsa,Tiitsu  Cf-jashi,  Hertx^r 

Head,  Earthquake  Disaster  Prevention 

Division,  Chiba  Branch 

Public  Works  Research  Institute 

Ministry  of  Construct i<m 

Nr.  Keiichi  Ohtani/  Mennber 

Chief,  Bartiiqiisks  Biglnewrlng  Labocatncy 

National  ResMrdi  Ontec  for  PissBfaBr 

Prevention 

fleiaias  snd  Badwoilogiy  JIgsnqr 

Dr.  Niehio  Chtsuka,  Iknbsr 

Acting  Director, 

International  Institute  o£  Seianology  and 
Earthquake  Engineering  (I.I.8.B.B.) 
Building  Research  institute 
Ministry  of  Oonstruction 

Dr.  l^dayoehi  Okubo,  Secretary-General 

Division 

FuUio  iMts  BesewcA  mstitufae 
Ministry  of  Oonstruction 

Dr.  Hiroshi  Sato,  Menber 
Chief,  Research  Division 
Postal  EynHDics  DBpartnent 

Geographical  Surv^  Instituts 
Ministry  of  Oonstruction 

Mr.  Kenkichi  Sawada,  Menber 
Chief,  Soil  Dynaadcs  Section 
Oonstruction  Nitiiad  aid  Hguij^nt  Dtvisian 

Chiba  Branch 

Public  Mbrks  Reseurdi  Institute 
Ministry  of  Oonstruction 

Mr,  Pkira  Sirwa,  Hemhier 

Head,  Seionological  laboratory 
Netsocologioal  Rsssscdb  Ihstituts 
Meteorological  Jigenqr 


Mr.  HiLosni  Takatiashi,  Merri'er 

Head«  Second  Research  Division 
National  nasearch  Center  for  Mssrtsr 

Prwention 

Science  and  Technology  ^ency 
swi 


Digitized  by  Google 


Dr.  I^taiiu  Iterashiflia,  Mnbac 

Chief,  Seianology  Secticn 

International  Institute  of  Seiaoology  and 

Earthguakp  Engineering  (I.I.S.B.B.) 

Building  Research  Institute 

Ministry  of  Oonstr action 

Mr .  Hai  ure  Tauchida,  Weniiaer 

Oiiei,  Ear thgoalw  RMistant  SbCUCtUEW 

Laboratory 

Sbrueture  Division 

Port  and  Harbour  Rcscardi  institute 

Ministry  of  liaiispoL  l 

Or.  Makoto  Watabe,  Mmber 
Bead,  Structures  Division 

Rjilding  Research  institute 
Ministry  of  Construction 

Mr.  nuuns  Yatiagif  Mentser 

Chief,  Founaation  Biginaering  Seetlaa 

Struct JL.  and  Bridge  Division,  Chibs  Branch 
Pid)lic  Works  Research  Institute 
Ministry  of  Oonstruction 

Dr.  Masoai  HukuokSr  HDnocary  Nesber 
veofisssoir  of  Hbkyo  Otaiv. 

Or.  ahlxo  ibukiysBSf  Banorary  MuDher 

An  Executive  Director 

of  Japan  Road  Ooiepar  y,  Lt  i. 

Mr.  Mitsuru  Nagao,  Uonorary  Manber 
Dlcectoc  of  Japan  Intamatlonal  OMparaticn 
Agency 

Mr.  Kenji  Kawakaitii,  Honorary  Mariber 
An  Adviser  of  Kubota,  Tekko,  Ltd. 


RE9CX1ITI0NS  OP  TfiE  JOINT  HBETIMG 
O.S. -JAPAN  PAKEL  GN  HUD  AtD  SEISMIC  EFFBCIS 
0*J*N.ll* 
My  24  -  27,  lf77 


Ite  fidlcwlng  teaolutioM  flte  fitfcuce  activities  of  tills  Joint  BhwI  ace  heceby  veselved: 

1.  The  Ninth  Joint  Meeting  was  an  extronely  valuable  opportunity  to  exchange  technical  infor- 
nation  lAich  tns  baneficlal  to  both  countries,  m  view  o£  the  iopoctanoe  of  ooopecstive 
progcasB  «n  tlis  sub}«et  of  iriad  and  seioitc  efiicts,  tlw  oontinuattai  of  J<»liit  tmti  ' 
ihetlngs  is  considered  essential* 

2.  Ihe  ttcdwige  of  technical  infomation,  espeelaUy  revised  codes  and  flpeeifleatlons  rde- 
vent  to  wind  and  aeiaic  effects  ahall  be  encouraged* 

3.  The  cooperative  resesrdi  fcegrass  including  eechnge  of  personnel  and  equifHent  aliouLd  be 

promoted. 

4*   Considerable  advanoonents  in  various  Sask  Conmittees  were  obeerved.   ihese  activities 
ateold  be  encourage  and  cantinuad,   Oorreqpondenoe  between  Task  Oamittee  ChairiMn  should 
be  enoouragadf  and  additional  neetings  Aould  be  bold  as  required. 

5.  Frograa  agenda  for  future  Joint  Meetings  should  be  developed  to  enoouraje  a  bslanoed 
nuter  of  pmsentstions  dsaling  with  wind  and  seionic  ejects  on  stnietures. 

€.    The  Ttenth  Joint  Panel  Meeting  will  be  held  in  rtay  1978  in  '.«teshinqton,  D.C.    Ttie  specific 
date  and  itinerary  of  the  Meeting  will  be  detemined  by  the  U.S.  Panel  with  ooncucrenoe 
bar  tte  Apsn  Mnel. 
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MttaoBDloglml  iMtMeh  Huitituta 


tior  scMsur*  and  wiad  ailtrHwitloM  on  th«        surface  ov^r  typhoon  and  hurrlcuM 
MPM>  many  trials  have  been  proposed  in  order  to  adapt  distribution  models  for  observa- 
tional data.    These  models  hax'e  been  utilized  widely  in  many  srientific  and  technical 
applications.    For  example,  theoretical  analysis,  storni  surgCf  disaster  evaluatioRf  pro- 
tective measurement  agaxnst  typhoon  dasti&ge,  and  so  on. 

The  abevs  sMMtols  proposed  ax«  sinpie  sodsls.    Unfortunately,- however «  the  better 


ily. 

vac»  Mwal  am  wafcli  msm  latraduioad  and  tlwir  dhHzaotariatlos  mtm  dla- 
tf  basic  dif faraneas  bataaan  tlia  fa—ilaa  by  varloua  aadals  ara  polntad  oat 
clearly*    Xa  order  to  increase  the  aceuracqr  of  aodal  adaptation,  a  technique  of  revisiag 
the  fozsulas  is  discussed.    Taking  into  account  tfaa  eapputation  tisw  of  the  electronic 

tg  a  aaw  aodal  Sonmla  is  paeaaatad  and  efaaaiwart  by  ceagaring  it  with  ether  Coaailaa. 
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IMTRODUCTXOK 


Pxtmmarm  and  triatf  diatribiitlMB  on  tta  ma  mrfiM  ovmt  lf|ilhuua  or 
mmam  to  bo  ooiploK  la  poBfondns  dotailad  aBalyola.   Wemmmf,  tlMf  en  I 
simply  as  olrenlarly  ■jyoUio.   fkaaMfavOf  Huqr  trials  havo  boon  pwpoaaJ  in  ovOor  to 
adapt  dlstrlbuitloa  aedels  for  obMrvattenal  data.    Theaa  aodals  havs  been  utillsad  widely 

in  many  scientific  and  tachnical  application*.     For  Axainpla,  theoretical  analysis,  9tOKB 
surge,  disaster  evaluation,  protective  measureinent  against  typh<3on  damage,   and  so  on. 
These  models  wers   introduced  by  many  researchers  in  Japan,    th«  United  States  arid  Philippines. 
The  above  models  were  proposed  for  the  purpose  of  slnpllf ication.    Unfortunately,  the 

battor  adaptation  for  lalieotyod  diita  yojatoaa  mbo  iwjliuaijod  ■odala* 

Oowavw*  wltli  tbm  Moant  dwpaloj— it  of  tfaa  alMtcoMle  eevpafeair*  tin  ahortor  ooivatap 
tlon  tlM  baa  oom  to  ba  zaallaad.  Iharotav,  tha  aaoaaai^  of  alivUiyiBg  tiia  aodala  la 

no  longoE  a  pcoldjB. 

1!hlo  pspar  attavts  to  zoovBluato  tko  dlstelbatloB  ■□da&a  fkoai  tbi 
«■  bavo  novw  bad  tJiia  aort  of  dioouaaiow,  baoauao  thioa  MdaU  bMo  baan  oOMldamd 
oonvantional  fecnulaa  and  alae  tliare  have  baan  many  dif fleultiaa  In  computing  tlw 
batmen  the  typhoon  center  and  every  data  position  at  each  %)eather  mp  tiae. 

The  advent  of  the  electronic  computer  has  brought  about  new  concepts  into  these 
distribution  models.    Also,  the  currant  praotloaa  caqpilra  vcaatar  aoeuraey  of  adaptation 
for  observed  data. 


Among  typhoon  models  proposed  to  date,  several  representatives  are  as  follovsi 

Schloener  (1954)        P  -       +  AP  exp  (-Y^A)  (1> 

Takahashi  (1939)      P  -  P.  -  AP/Jl  ♦  (yA^)I  (2) 

•  o 

bjaKknaa  (1921)       P  •      -  to/tl  ♦  <yA^)^1  (3) 

Pojita  a»53}          »  - -  ^/U  +  <YAo)'l^^  C4> 


Y  is  A  diatanoa  ttcm  tha  ^iftaeaii  cantav«  9  ahovs  preaaurs  (ab)  «t  Y*      l*  sqnal  to 

o 


tjpfboai  axasr  aad  dP  >  P_  -  9.  P_  and  P_  am  oalonlatod  stwtlatlcwlly  inm  aaatbar 

"      o  a 

aaalyais  s^a.  Bazaaatar  Y^  i»  daf  load  ladivldnallir  la  ttaa  dbaiM  flMOMilftS*   in  a)  t  Vg  i* 

aqoal  to  tba  radius  Y^  where  the  aaxlanaB  wind  velocity  Is  observad*  i»  (2)  and  (3)  Y^ 

naans  y  where  P  •  (p,^  +  ^c' """^  ^  ^'  ***  ^t/^' 

Wind  velocities  within  typhoon  azaa  are  expraaaad  la  tba  foUoaiag  aqiuatiea  (tba 
Sradlant  wind  law)  t 
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whava  f  im  OorloUs  faetoc  2  »  siii  ^«  «» tte  cotatiag  aaguUc  Mloelty  of  tbm  aarth,  ^ 
latitudiul  dagsM*  p  tl»  dnal^  of  tte  mtmoafiimtm,  ▼  tin  gzadiant  irtnd  vttocity.   «•  can 
•atiMta  ▼  tram  Bq.  (S>  if  no  iBiew  Uw  pcaaaora  diatrlbotien.  HMMfiara,  Wv  U)  tteeugla 
(4)  involv*  AiatrUbution  foraulas  of  wind  iaplialtly. 
Their  eharaotwriatloa  are  shown  as  follows: 

Eq.   (1)  i«i  very  convenient  with  respect  to  theoretical  arran^enent  as  far  as  the 
adaptation  for  data  is  concerned.     It  has  a  good  response  over  the  outer  regions  of  the 
typhoon  area,  but  it  is  too  flat  to  fit  with  observed  data  over  the  inner  regions.  (See 
Fig.  1) 

Ig.  (2)  haa  alaa  a  good  ad^ptafcion  omr  tlia  ontar  regions,  bi^  at  tlia  omtak,  Oa 

giadiant  baocaaa  diaoxata.   ffhaxafaKa*  tlia  calowlatad  idjid  valoeity  at  tiia  eantar 
I  to  ba  vmraaaonabla. 

wq.  (S)  la  Introdttoad  baaloally  tnidar  tta  xotatSng  fluid  aaatpptJoBr  ao  that  It  baa  a 
adaptatloB  ovar  tha  lanar  raglooa  and  a  bad  adaptation  ovar  tha  ontar  ragioBa. 
■q.  (4)  la  aiadlar  to  ««.  (2)  ovar  tha  ontar  ragioaa  aad  alao  atailar  to  B«.  0> 
ovar  the  inner  regions,  because  it  was  designed  so  as  to  include  excellant  faatVEaa  of 
Wq/t.   I?)  and  (3) .     However,  it  is  hard  to  deal  with  Cq.    (4)  practically. 

In  add  1  tier,  to  the  above  individual  deficiencies,  they  have  some  common  weak  points. 
Por  example,  H  qenpral  typhoon  ha^  several  Stages;  the  developing  stage,  the  mature  stage, 
the  decay  stage,  and  the  Wcunn  cyclone  stage.    When  a  typhoon  changes  its  stage  from  one  to 
another,  tha  tina  variance  of  its  pressure  distributions  has  usually  ooomi  to  ba  rsMurkabla* 
■atf  anfftrtaaatalYr  tiM  ataga  variation  was  not  takan  into  aeeount  la  tha 
If  wa  lAtcodnaa  tha  fallowing  aqpatlnn  aa  a  ganaral  ^ppa  of  Vga.  <2)  and  (2>, 


-Y^  (P  -  PJ I  X  •  lA  (7) 


»  -  »^  -  d»/ii  ♦  (yA^>"j  C6) 

where  a  ia  datannliied  ao  as  to  fit  Eq.  (6)  into  the  observad  data.    It  night  ba  tnwaaibla 

foe  us  to  expresg  a  typhoon  inwlving  many  stages  by  Bq.   (6) . 

Nov  in  order  to  eliminate  the  above  weak  points,  it  is  necessary  to  make  the  problen 
IBOre  distinct.     Namely,   let  nn  treat  Eqs.    (1)    thrnuch    (4)    in  the   fol  1  nv/inc;  way. 

Eq.    llj  is  considered  as  an  integral  form  of  the  follcawing  differential  equation, 

^  - 

m  tba  aaiM  Maaar,  tat  Bq.  12), 
JOao,  tOK  Bq.  O) , 
Alao,  for  Eq.  (4)t 

f  (X)  -  1  +  (I  +  p^)'^/^»  X  -=  ln(Y/Y  ) 

o 
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B^.   (7)  through  (10)   correspond  to  Eqs.    (1)  through  (4)  respectively. 

In  Fig.  2,  ch.irri  teristics  of  Eqs.    (7)  through  (10)  are  shown  schematically.    Eq.  (10) 
(Fujlta  type)  approaches  to  Eq.   (8)   (Takahasho.  type)  over  the  outer  typhoon  regions  and 
It  also  aggtom/^mm  ta        (9)  (Bjerlcnes  typ«>  omr  tlw  ina«r  typhoon  regions.   On  tlio 
oontraxy*  Iq.  (7)  Wdhlo— r  ^nm)  dOM  not  ahow  aticfli  «  gooA  a^gxomdh  ovor  tlM  imior 
mgiono.   Amo  cAiaraotBrlstlGa  are  the  sane  as  tliooo  ataoim  in  Fig*  1* 

HoMvar,  Fig.  2  givaa  no  lACoBnatlon  Aont  an  aflvanood  fbnnila  wblcli  aheiuld  ba  a 
hgpm/MM.  hMfiiaq  tHD  aawptctae,  iq.  (8)  anfl  Iq.  (9).   Bq.  (10)  (Fvjlta  tspa)  1*  qpiit* 
•iailar  to  aodi  an  advanood  Bodnl*  but  it  la  not  a  taypadbola.   JMbmt,  it  ia  a  traBacanteital 
enrva  having  some  restrictions.    It  ia  desirable  that  the  advanced  model  ahoold  be  a  more 
general  type  of  hyperbola  with  less  restrictions,    in  this  Figure,  the  cross  point  T  of  two 
eisyiqptotes  shows  the  transitional  point  between  the  inner  and  outer  regions  of  the  typhoon. 
In  these  formulas  aientioned  above,  there  are  two  main  restrictions:    positions  of  T  and 
gradient  of  asynptotes.    However,  if  we  assxnae  a  new  nodel  in  which  those  restrictions  are 
taken  off  and  sane  freedoais  are  given  ao  aa  to  datamlne  thoaa  valnaa  atatiatically  by  using 
ofaaarvational  data,  Vbm  abovo  pceblan  nay  bo  aolvad.   llMnalr#  an  latMdoetlon  of  now 
paraattars  (tetandaad  fey  data)  oauaaB  an  Inoxaaaa  of  fiaadoa  mafaar  and  finally  a  battar 
adaptation  for  data  nay  be  aaqwetad. 

A  NBN  DISTRIBOnOM  FOiMDIA 

h  new  fonnla  ia  baaically  aiailar  to       (10)  •   uataad  of  f  (x} ,  ^  is  introdnead. 
ghat  la 

z?  O      -       -  ^o'i*  "  ^  t^^V 

where  y  means  a  t^perbola,  vhioli  na  Mat  to  etotain.    tharafoxa,  dy/dn  ahOKB  its  gradient « 
»g  integrating  Bq.  (U) « 

F  -  P  -  Af/H  ♦  g(it>1 

g(x)  5  Y  T^tVo'TpTT*  '       ^-"T^  '  ^  VAp)-C«l*^)  (12) 

where  new  parameters  a,  Yp  and  C'  are  referred  to  gradient  of  asymptote  over  the  inner 
regions  o£  typhoon,  position  o£  the  transitional  point  and  curvattire  of  the  hyperbolaf 
reepeotively.   Adding  to  the  previous  parwtar  y^r  the  new  nnnafan^a  om  be  datasBiaed  ■ 
atatiatically  by  ebaarvatlonal  data  (ttaa  least  aquara  nalJiod) .  Ihia  nav  taohnlqqe  is 
SKOipoaed  by  IMrartilge  <1977).   she  aettiod  of  dotanlning  tbaaa  oonatanta  is  rtwMB  In 
Jifpendix. 

KEIATZONSHXP  BS7WESN  THE  NEW  UODEL  AND  TKE  OTHSBS 

An  ravieion  of  the  abofa  te—ulaa  (1)  thEongh  (4),  Fujlta  (1953)  and  Ramgudii  (1976) 
have  also  paaaented  their  nodels  (besides  Kuraehtge) .   tterefbire,  we  have  to  diaeoaa  tha 
relationehip  or  dlffanneee  between  tiMoa  Rodale  and  XnxaAlga'e  one.   Fttjita*a  andal* 
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outav  ngioM  «f  tlw  ^ffiieett.  Xunwliig***  B4.  (13)  «lto  aAeipUd  ttm  mhm  aeiia«ipt.  HaM«v«r, 
tlM  podLtlan  of  ff  In  Iq.  <4)  1«  apdarl  teflnad.    Sfom  (199S)  pointaa  oat  tteb  tto  MMnt 

of  negative  vortlcity  over  the  outer  regions  in  Sq.   (4)  was  less  than  actual.  11m 

NlAtlonship  iMtMMii  tiM  woctleity  (  «ad  wiad  veleeity  v  is  wplstnod  m  tellowst 


^♦J-C  (13) 


to  ttat  8|y«ino*«  i|»ocnil>»lon  !•  rolatod  to  thm  MceaA  esdoc  dorlvatlvi  oC  y  ia  tlio 
aiotrlhatlen  foBmOa.    (Mo  Iq*  (9)) 

On  tin  otiior  tand*  Huo9oehi*a  nodal  la  ona  aliaKa  tao  iadividnal  diatzibution 
an  eeoaaetad  niiKlcally*  ltenftea«  tbo  adaptation  fee  data  rfioaa  a  battor  xaaolt  aa  aall 
I 'a.    HoiMVar,  if  we  want  to  obtain  characteristic  values  in  hia  aodel.  It  is 
to  get  a  gmoothed  distribution  curve  defined  previously  by  some  other  methods r  and 
moreover  the  position  of  maxur.urn  wind  velocity  most  ba  walX-dafinad.    The  above  cooditiona 

are  unsuitable   for  vi-^e  of  the  electronic  cowputer. 

Kecentiy>  Hitsuta  and  others  (X974,  1975}  examined  statxstic&lly  adaptations  between 
itioaa.   They  rapoetad  ISiatr  on  tha  awnga*  aadh  nodal  bad  a  cattaa  ipaed 

Mbla  diffaranoa  batwaan  tba  abova  nodala*  but  tba  davlatioa 
ratfaar  lavga  in  an  iadividnal  oaaa.   IO»avar»  tazagnahi'a  and  Xoraahiga'a  nodala  bava 
SMipeaad  nova  taeanUyf  ao  that  tbay  aaaa  aat  inelodad  in  Mtauta'a  taat. 

tba  otliar  eocva  baaidaa  Ivpaibola  ia  convaniant  oa  not.   Vea  axaivlaf  taab  x  and 

irrational  function  swy  be  taken  into  conaiderat ion ,  b<it  unfortxmately,  they  are  so 
complicated  that  th*»ir  integral  forms  may  face  difficulties.    At  present,  the  hyperbola 
is  the  fflost  convenient  one.    Another  of  therr  ih  that  the  gradient  of  aayiic>tote  over  the 
outer  regions  is  apriori  deterwin«d  to  be  Takahashi  tyr>e.     If  a  sufficient  data  coverage 
is  available^  the  above  gradient  should  be  obtained  by  the  least  square  isathod. 

Aa  a  qonclaaiany  Raiaablga'a  Itoiila  is  apparently  cooplioatadr  bat  Ita  nain  pointa 
tba  aana  aa  ttaoaa  in  tba  Bca^Aoaa  aodala*  and*  nazaewar*  it  baa  lax«ar  fraadnBia 

ia  oadar  to  gat  a  battar  adiyptation  for  data,   ttazaforof  aa  far  aa 
ia  oonoamadf  it  doaa  not  taba  ao  ancft  nadiiaa  tiM  aa 


JOao*  a  aovlng  ^ppboon  titiA  ia  not  olzoolarly  ajfatKic*   HeaavaCf  aa  it  ia  poaaibla 
to  divlda  the  typhoon  field  into  two  parta  (tha  ganaral  eisrant  and  a  atationacy  Lyjhaam 
f laid)  ,  aa  bava  no  ffroblaai  about  that. 


How  to  determina  Y,  is  shoum  as  follows.     At  first,  data  position  y  and  observed 
valoa  9  are  given  by  data.    If  we  take  an  arbitrary  constant  Y^f  wa  can  ooopute  as 


X  -  in  (yAj).  y  -  ln| »  -  »^>/(f.  -  P) | 
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Vaatt,  w»  eomlder  a  typeifcola  witii  two  asyiiptotM  (y^^  ■  x  +  Yf      "  *^         "  ftollowai 

2  2 

ax    -(o+l)xy+y    +  2qx  +  2fy  +  c«0  (14) 
where  2g  -  a*Y  +8,  2f  =  -  (Y+6) ,  c  =  Y*6  +  £ 

and  a  >  1.    VmLeg  th«  abov*  z  and      we  eu  datamtne  a,  9,  f  and  C  atatiatieally  by  tlia 
laaat  tqfuof  aetliod.    Tlia  ozoaa  point  T  la  deflnad  aa 

=  [2(a  +  1)  f  +  4g]/(a  -  1»* 
y^  -  [2(a  4-  1)  9  +  *i£l/<a  -  1)* 

Now,  the  asymptote  of  outer  regions  y^  Is  moved  according  to  the  parallel  transforma- 
tion so  as  to  pass  through  the  origin.    Then,  Eq.   (14)  becomes 

ax'  -  (o  +  Dx'y'  +  y'^  -  2f'x'  +  2f'y'  +  C'  -  0 

idiere        x'  -  x  -  x  ,  y'  ■  y, 

o 

2f  '  [A  a  t  *  a9(a  *  1}  I/(a  -  i) 

2 

C*"ax    -2xg  +  c 
o  o' 

tatA  the  eroM  point  of  tMO  aqnptotes  beooMs 
^  -  y-  -  2f  •  (a  -  1) 

If  «a  oonvart  titan  into  (y,  P)  ayatany 

,    »  ,2f  +  2g. 

and  tlM  transitional  point  Yp  laatwoeD  tha  inner  and  tbe  outer  xa9lona  la  replaoad  aa# 
Yp  -  Y,  «V 
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Figur*  1 .     CompariMB  of  pr^Mur*  dlttribution  fenniilat 
Th*  erif  Id  thowt  th«  eantar  of  typhoem. 

The  mdditional  figure  in  8E  corner  ie  a  magaificetion  near  the 
eaatar.    Tha  croaa  point    batwaoo  Bjailoioa'  and 
Takahaahl'a  It  loeatad  atxc  1.0.  y«0.5. 
Over  inner  regions  of  typhoon.  Schloemer'e  formula  ahowa 
Hat  and  Takahaahi'a  bacomaa  diacontinnana  at  dia  caatar. 
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X=ln(i» 


Figure  Z,     Compkrison  of  formulas  characteriaties 

Fttjita  typ*  thowt  m  traatetndtiital  curve  with  two  asymptotct 
of  Takaihaslu  typo  and  Bjorknoo  eno.    T  i«  tlio  crooo  point 
botwom  tho  above  two  aoymptetee.    Sehloemer  type  elkowe  to 

approach  to  Takahaahi's  over  outer  regions,  but  to  be  far  from 
BJerkoee*  over  iaaer  refioae. 
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M'BUMi  imiDi  IN  m  mno  ifMit 
flMMM  P.  nttar  ana  MehMl  Cimmn 
iwfirewwit*!  D«t»  fl«e«&e* 

ABSTRACT 

BmIi  yMur  Mtew  idads  la  tha  a.8.  owm  Mtaaviv*  fgoyrty  flija  anS  onwinMlly 
^  low  of  livM.  Aifl  pqpor  will  flrat  xmwUm  tho  pottona  of  uvtrmm  winda  in  Ifta  V.l. 
mA  tlw  Maeelatad  wlad  diaago.   Ifaa  typaa  of  iiiiw  wind  speod  data  e\irrentiy  avaliabla 
an  tlMD  discussad.   Finally,  pwibl—  aaaoolatod  with  uaiag  thaaa  oairtii  wiod  ^poad  data 
la  UtS.  daaifn  ataatar^a  ar*  oooaidavad. 

mwoi—t  Oaolfa  Ba^pilvaMatai  daoiga  acanda«dai  amrww  «ladaf  taKrloanaat  paaporty 
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mraomiCTioii 


A  large  portion  of  the  United  States  is  subject  to  damage  caused  by  wind-induced 
•tress  on  structures.    Many  of  the  earliest  records  from  explorers  nearly  500  years  ago 
refer  to  the  occurrence  of  hurricanes  alono  the  jvtlantic  and  Gulf  coasts.    The  great 
heartland  of  the  United  States  is  well  known  lor  the  large  frequency  of  tornadoes  (soiae- 
tiiaas  over  1000  per  year)  which  often  leave  total  destruction  along  their  path.  Other 
9X9$m  of  tha  Qnitad  StatM  mlao  wattn  vlad  dnniffe  fcon  vurimm  tgrpas  of  wtoam, 

Qntll  xoo«»tlyf  homvar,  «iiid  has  not  baan  conaldairad  «a  Inpmrtaat  factor  In  butUtng 
daaigik*   iho  elinat»le9i«t  faaa  had  Uttla  Input  inta  tha  pKdbimm  eraatad  bgf  winds  on 
atniotttral  daalgn.    flila  ia  dua  partially  ta  a  lacdc  of  iafdmatioii  on  tlia  ciharaotaKistiea 
of  tlka  wind  and  oa  tha  lataocaotion  batwaan  tha  wind  and  tha  stmetura.    It  ia  dua  alao  to 
tha  lade  of  a  long-period  homogeneona  aat  of  standard  wind  ■aaavraBenta  fxosi  which  dasign 
▼aluas  can  ba  ^>tained.    This  paper  will  examine  tha  patterns  of  extreme  winds  and  wind 
damage  in  the  United  States,  the  typoc  and  volume  of  maxtmun  wind  speed  data  currently 
available,  and  the  problems  in  using  these  wind  data  in  the  current  united  States  design 
standards. 

WIND  HMD  OBSnM  HBQUXMMBHTS 

Buildings  and  structures  are  new  commonly  being  designed  to  heights  not  even  con- 
sidered 10  or  20  years  ago.    One  of  the  most  important  of  the  loads  acting  upon  these 
structures  is  that  due  to  the  wind.    The  level  of  safety  built  into  these  structures  is 
dlraeUy  related  to  the  accuracy  with  which  tha  wind  and  its  effects  can  be  d^Mcaiasd. 

In  tlia  peat*  tha  hi^isst  wind  reeezdad  in  an  area  or  location  was  wsed  as  ths  dMlgn 
walna.   MMog  the  various  secdtlmt  apparent  with  this  «E>P>o«)eh  was  tiis  fact  that  all 
neteecologieal  raoards  are  avantually  hvokaa.   ihns  a  station  with  a  longar  p«(iod  of 
record  had  a  higher  pcofaebililgr  of  ctearving  an  axtrcsw  wind  speed  -  a  fact  Whioh  weald 
tibaoore  tbB  true  climatic  simileurity  among  a  nuniber  of  stations  in  an  area,    h  second 
problesn  was  the  possible  loss  of  data  due  to  instrtanent  failure  at  high  wind  speeds. 
Finally,  an  ins^nOTent  with  a  better  response  time  would  record  8X>eed8  higher  than  those 
recorded  by  <i  micn  "sli^glsh"  system.    These  problems  led  to  the  adoption  of  a  statistical 
estimate  of  design  speeds. 

For  various  engineering  and  nateorologioal  reasons*  wind  loada  are  best  oonaidared  in 
tema  of  s  ataady  appliad  Soros  together  witb  a  factor  describing  gust  effects.  The 
SpeetruB  of  horiaontal  velocity  naasurad  hy  Van  der  Itoven  (1>  Shawsd  two  Most  proadnent 
peeke.   One  peak  eeeure  in  ttia  gunt  region  and  a  aeoond  peak  occurs  at  a  period  reflecting 
large-aoale  a«B0«herie  flnctuatlons  of  no  oonoam  to  tiw  engineer,   betwaea  tha  tso  peaks 
is  a  gep  ranging  fron  5  minutes  to  5  hours  which  la  ussfnl  for  obtaining  stable  ^ed 
measurements,     structurally,  it  is  not  desirable  to  rely  or  only  the  peak  gust  for  design 
purposes  because  this  ignores  tha  influence  of  a  sequence  of  gusts  which  may  be  resonant 
with  the  structure. 
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la  •ddltisn  tD  Iwlng  higlily  ^tgrnuSmA  on  instroMBt  mgemat,  vwta  alom  prnvUrn  «n 
aiio«ei«la  Mtiaate  of  tiw  idad  OBarigo— mt  slaoo  «  unatov  of  Mwploo  tdtii  olnllar  warn 

lost  valmM.    In  mm  1iw»Min— ,  boiMMTf  It  la  tlw  vwt 

•wrface  of  many  structuras.    for  mm^lm,  moot  of  tho  daakaga  txom  Hurricane  Colia  at 
Corpus  Christlf  tX,  in  1970  waa  eauaad  by  the  extreaiely  high  guats  rather  than  the  prevail- 
ing stroncr  winds.     So  a  knowledc?*  of  both  the  mean  wind  and  ^usts  (detOXBllMd  fZOB 
nenta  or  theory)  ia  required  to  evaluate  wind  loads  on  a  stzxictura. 


In  the  United  States,  wind  d-a-Tiage  results  from  extreme  winds  caused  by  four  meteoro- 
logical systems:     axtratropical  cyclones,  hurricanes  and  other  tropical  cyclones,  tornadoea* 
and  severe  thunderstorms.    The  extra tropical  cyclones  produce  their  highest  speeds  in  the 
irtntoK  BBBUtt  dariviag  thair  onargy  fkOB  tiM  largo  ttetBAl  oaotKMto  mMMm  in  thi» 
■oaaoD.   GonMrally*  tha  Mtat  Ooostt  VDuntain  and  Intor-apuntola  mas  of  tbm  l>atikiaa>  aeaM 
araas  of  tbm  Morthain  Plalna  ana  tho  Gcoat  Lakaa  xaooiva  thair  highaat  wlnda  ftoa  ttaao 
ayatMB.   Ilarlw  wind  ^paaJa  ara  naaally  laaa  than  75  kaota  tout  nay  raaoh  100  knot*  tn 
vary  oovaro  aKtmtrevieal  eyolanaa*   Vho  «raa  rnhout  and  nittiiii  200  mUmm  of  tha  AtlMBtio 
and  Qttlf  ooaata  raeaivaa  Ita  higliaat  wlnda  fnm  tarieanao  la  idildi  wind  agrrJr  anaaHnaa 
xoa«fh  200  kaeta.    Tomadooa  srodneo  the  strongest  winds  observed  in  the  United  Stataaf 
precise  values  of  nmxinun  speeds  are  not  well  established  because  wind  instruMnts  are 
usually  destroyed  in  tornadoes  but  there  is  evidence  to  show  that  values  above  300  knots 
are  sometiineb  reached.      The  Great  Plains  exp^er  l  ences   the  highest  frequency  of  tornadoes 

but  every  State  in  the  united  states  (except  Hawaii)  has  experienced  at  least  one  tornado. 
Oceaaionally*  wldaqpraad  outbrealca  of  tnrnadnoa  paodaoo  ostanolvw  aL&uutuial  daaaifa  and 
loaa  of  llfo*  aodi  «b  in  tho  temadie  atoma  of  JIfrU  3-4  in  1974  (2).   Sortiona  of  ttin 
llBltad  Stataa  not  alroady  nantlenad  oaaaUy  raoaiva  thair  sttongaat  wlnda  tnm  aaivara 
thandarstoea*.  a  faw  aotabia  amaiptiona  to  tbia  fanarallaatleii  «atl«t  raeh  aa  tha  Ghtoeefc 
wlnda  In  tha  lao  of  ttw  hodkiaa  and  tho  Santa  JIna  wlnda  of  doutliani 
naoally  loeallaod  in  aaetaat  hut  nay  produeo  wary  atreng  wlnda  idiicih 


Wind  daauige  statistics  have  been  collected  for  many  years.    Current  statistics 
indicate  that  damage  from  hurricanes  and  other  tropical  storms r   severe  thunder stomg ,  and 
extratropical  storms  average  approxlxnately  §750  million  per  year.    This  figure  varies,  of 
course,  fxa«  year  to  year  and  nay  ba  as  high  as  $2  billion  in  years  with  axcaptlonally 
aowaro  faoirioanaa  aueb  aa  CMdlla  ia  19i9*   Tornado  danago  anounta  to  tao-thirda  tha  walua 
obtainad  hy  Inxgar  aoala  atenaa  -  on  tha  ordar  of  $400  to  $900  niUion  par  yaar.  Jbgain* 
largo  fluctuatioaa  in  aoanal  dnaagoa  nay  oooar  in  yoara  wltii  aawuo  tacaado  omehroaka* 

shia  in  nttrihntad  to  tha  ganaral  OTpwlnttnn  inoroaaa  in  tha  onitad  Stataa  ai 

iacraaae  in  area  covered  by  dwelllaga  and  oOar  structures,  ranHtlngr  la 
ttough  tha  annaal  madMur  of  stonw  rwmina  rolatlvoly  tha  aana  on  i 


I-U 


Digitized  by  Google 


t«cm  buls.    Although  dnag*  atatimtiaa  may  hm  tanpand  hy  building  duaign  eoiiflid«ratloM« 
tbm  annual  loa«  likaly  will  coatinua  to  ioevaaa*  in  future  yaara.    Nuch  of  this  dMMige 
loss  oeeuTB  along  tha  Bast  Coast  with  its  high  pcipulatloo  dsnsity.   Although  ths  Wast 
Coast  is  hsavily  populated,  the  probability  Of  extreme  winds  is  rather  low  so  the  wind 
d^unagG  losses  are  relatively  small.    Finally,  even  though  the  population  density  is  low  io 
the  mid-portions  o£  ths  country,  substantial  danage  occurs  from  the  high  incidence  of 
tornadoes. 


The  United  States  currently  has  available  the  following  four  basic  wind  measurenents 
in  the  archives: 

<1)    Fasteet  Milei    Ihis  type  of  wind  observation  has  been  extracted  since  1887  at 
iWnHiii»toly  200  loaations.    For  these  loeatioos  an  additional  20  years  of  data  oould  be 
obtained  fnw  the  original  recoKds.   Vot  about  300  additional  stations  a  United  period 
(10  to  25  years)  oould  also  be  extracted.    Daily  data  for  nearly  150  sites  axe  on  tape  for 
Ahn  period  elnoe  1965.    Three  pEoiblflns  are  apparent  In  using  this  data  set.    First  -  at 
high  wind  veeda,  tba  estimate  of  the  fastest  nils  Jaeoonss  very  inexact  doe  to  the  extrensly 
SBBll  inexesnnt  to  be  ■ensured  on  Idle  diart.   Seoond  -  aoet  locations  sjqperlenced  n  diange 
in  instrument  exposure  30  to  40  years  ago  When  the  weather  office  moved  from  a  city  to 
airport  site.     Suitable  wethods  to  obtain  a  hoinoceneous  data  set  have  not  been  developed. 
Current  design  estimates  then  are  obtained  only  from  the  airport  data.    Finally,  any 
attempt  to  reference  the  city  office  data  to  a  standard  height  faces  the  problem  of  the 
change  xn  urban  profile  over  a  period  of  years. 

(2)  Five-ninute  maaOmmi   Daily  values  of  the  five^ilnute  msxinwrn  have  been  taksn 
einee  1872  at  the  sasie  locations  aentloaed  previously.   Beginning  in  1956,  it  was  no 
longer  extracted  fxcn  the  original  reoords.   A  period  of  10-25  years  of  data  can  also  be 
eKtractad  Cor  an  additional  300  locations.    None  of  these  data  hme  been  placed  on  aag- 
netlc  t^pe.    The  pvCblsns  of  nixing  city  and  airport  data  mentioned  for  the  fastest  nlle 
apply  also  to  this  steasusensnt. 

(3)  Peak  gust?    The  daily  peak  gvist  has  be«X  extxaoted  from  strip  charts  for  spproH- 
imately  450-500  stations  for  the  past  20  to  30  years.    The  majority  of  these  data  are  on 
magnetic  tape.    Peak  gust  data  have  not  been  the  basis  for  design  speeds  due  to  the 
problems  mentioned  previously. 

(4}    Hourly  average;    This  measurement ,  taken  at  approximately  3,000  locations,  is 
presently  available  on  tape  for  800  of  those  locations,   fhe  hourly  average  is  not  a  true 
value  :fte  ea  hourly  period  but  a  ai^jaetive  assassaent  by  the  obeerver  of  the  %flnde  for  a 
few  ninutoa  on  the  hour  Md  considered  rspresentntlve  of  ths  Wfttirs  hour*   This  neuurs- 
■ent  has  bsen  digitised  hourly  einee  the  late  1940's  snd  3^hourly  sines  1965. 

A  few  sets  of  data  txcm  special  tall  observation  towers  exist  for  various  locations 
throughout  the  united  States.    Some  of  these  data  sets  contain  high  frequency  observations 
which  pemit  calculations  of  ^eotral  properties  of  ths  turbulent  wind  structure.    Panof  slgr 
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(3)  suBuoacises  these  special  data  seta  which  are  not  generally  available  for  most  locations 
In  the  United  states. 

In  tbm  imltad  StatM  tlw  ftetest  adle  la  nsad  tax  daalgn  purpoMS  baoan—  (a)  it 
9«nvally  falla  in  tlia  g«p  In  tha  anargy  apaatm  and  hanoa  la  rapraaantativa  of  load 
indoeSng  wlada  and  (b)  tha  paraBwter  liaa  baan  aiaaaarad  for  a  long  nvnbar  of  yaara.  Mngr- 
imvastlgatDra  balieva  n  battar  aatiaata  can  ba  obtainad  ttam  n  15  or  20  adnata  avaraga. 
Onfortonatalyt  tha  ooat  of  obtaining  aueh  avaraigiaB  fron  old  raoorda  ia  prohlbitiva.  At 
preaantf  tluuif  only  data  alraMif  «>traotad  txem  tbm  original  recetda  ean  ba  naad  to  obtain 
a  daaign  qpaad. 


The  currently  accepted  United  Stataa  deaign  standarda  are  the  result  of  the  applica- 
tion by  Thorn  (4)  of  extreme  value  theory  to  a  set  of  annual  fastest  mile  values.  These 
data  were  all  taken  at  airport  locations  for  a  15-20  yp.ar  o-^riod  ending  in  the  mid-1960's. 
Since  then  an  additional  10  years  of  data  have  been  collected.    Utilizing  the  earlier  work 
of  Davenport  (5) ,  Thorn  converted  these  data  to  a  standard  30  foot  height  by  using  an 
exponent  of  1/7  in  the  familiar  power  law.    This  value  is  considered  to  be  representative 
Of  the  aurfaea  gangboaaa  far  an  epaur  molttttairad  an<rigonnant»  and  rangaa  to  1/3  Cor  a 
baavily  urban! aad  araa. 

Vhia  rougbnaaa  ia  tha  drag  of  tho  wind  on  tha  aartb*a  aurfaeaf  vagatationf  and  Mn- 
■ada  atruotuiraa.   Ona  of  tha  prlnary  dif ficultiaa  in  davalaping  a  ataadardiaad  aat  of  city 

a  aita  ovar  a  paried  of  tlaa* 

There  are  a  number  of  pcoblaMa  witii  tba  eurrantly  aoewtad  daalgn  atandaxd  napa  «aad 

In  the  United  states . : 

(1)  Tho  p*"rio<l  of  data  used  is  generally  less  than  20  years.    For  many  areas, 
especially  the  coastline,  the  representativeness  o£  the  design  values  has  been  questioned. 
Qraatar  oonfidanea  oould  ba  addaved  by  including  tbm  10  additional  yaara  of  data  avail- 
abla  or  davalqping  soon  aathod  of  Intagrating  tha  40-60  yaarv  of  city  data  witb  tha  air- 
port data  naad. 

(2)  Mnqr  of  tbm  airport  locatlana  hawa  gradually  bacmia  mbaniaad  or  iadaatrialiaad 
aad  tha  l/7th  pcmar  lav  nay  no  longar  ba  aoonrata*   An  approaeb  baaed  on  an  aa^onant 
varying  with  tiia  zovgtaaaaa  oharaotairiaiAg  tha  fateh  In  vaxioaa  dixaetlona  aay  battar 
daacribe  tha  enviroBMBt  at  a  location. 

(3)  It  has  been  recognized  that  under  high  wind  speed  episodes  in  flat  terrain,  the 
l/7th  power  law  is  suitable  for  the  neutral  atmosphere  characterizing  large-scale  mature 
storm  syst^fts.     However,  in  the  strongly  unstable  and  mixing  environraent  of  a  thunderstorm, 

tJie  ejgponent  can  become  very  small  -  parhAps  approaching  zero.    For  those  areas  of  the 
Onltad  Stataa  raoalvlng  na»i— i  wioda         thnadaratonaf  Uia  aaasorad  spsed  valuaa  ahonld 
prebAbly  ba  naad  imntiangad. 
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To  sunnarize,  wind  damage  in  the  United  States  is  greater  than  one  billion  dollars 
per  year.    With  increasing  population,  the  damage  should  continue  to  increase  in  the 
future.    Although  some  ms«surement  other  then  the  fastest  nils  night  be  us«4  to  darlws  the 
dMlgn  ifiad,  tfa*  «o«tB  feo  evtraet  tlM«e  data  are  earrantly  prohlliltivia.   Bstter  design 
valiiaa  oould  1m  obtaiaad  by  Ineluding  «adit<aiyil  ywurs  of  data  at  aixport  locations » 
dawloplnp  aethods  to  Inolvda  tlia  long  p«rlod  of  olty  offioa  data*  or  anaurlng  titat  the 
panar  law  a«poo«»t  iwad  raf  l«et«  tiia  ^bataetar  of  tb*  aumiaidlng  tsKxaiii  or  atablliQr  of 
tba  air  naas.   massacth  is  oadmiay  to  cvarcoBo  tSwBO  llaitations  in  curvsnt  wtad  data  to 
ttse  in  structural  design.    Bowemrf  f^r  tbs  iMKt  few  years  the  fastaat  Mils  wind  data  wlU 
oontinna  to  be  used  £eae  nost  design  pwposss* 
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wind  accidents  on  bridge  structures  have  so  far  occurred  at  their  construction  stage, 
and  this  necessitates  confirming  the  safety  of  a  structure  under  construction  as  well  as 
after  completion.    The  aerodynamic  safety  of  a  suspension  bridge  at  construction  stage 
is  especially  Important,  because  the  rigidity  and  the  relevant  dynamic  characteristics  of 
tiM  Mnietwr*  «lt«r  gnduftlly  a«  til*  coMtvoetlan  work  prooaads. 

3tai  Mxodartmifi  stafailiigr  ot  avuqgwuSoa  teldigu  at  eonatmetlon  ataigaa  for  tha  savan 
Irldga  (1) ,  tiia  Kiaaon  Bridiga  (2) ,  tha  Hendut-shlJHdBa  Brldga  (3,4)  and  tha  Marvowa  Bridge 
(S)  haa  Blraa4y  baan  axnaiiwd  br  otiiaca.   fliaaa  stadias  danoostratad  tha  luportaiioa  of 
tha  pzoUaK. 

Howavar«  tlia  aractlon  nathod  eC  a  toidga  dflpenda  largely  on  tha  conditions  that,  how 
Much  clearance  is  necessary  for  navigation  during  construction  period  and  what  kinds  of 
erection  machines  are  available,  etc.    Thareforat  the  results  of  this  study  can  not  be 
applied  directly  to  other  bridges. 

This  paper  describes  the  design  wind  speed  and  the  aerodynamic  stability  of  suspended 
structure  of  the  Hirado  Ohashi  Bridge. 

umOMUSi   aaro^ynaBie  atabilltyi  saaipeiisioa  brldga;  eonatmotion  stages 
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1.1  MSbA  PxohlMM  on  a  Suapenaion  Bridge  During  Breotion  Stage 

Mocih  eonaldiaration  Ahovld  ba  ffivati  to  tin  wind  induoad  oacillatlon  of  a  Craa  atanding 
tOM»r  of  tbt  anin  ciUaa  not  baing  apannad,  and  of  a  ampandad  atraetnra  vndar  oonstxuetiaii. 

A  fraa  standing  tower  is  prone  to  be  put  in  oscillation  by  the  effect  of  synehzonisiag 
lateral  force  originated  in  the  wake  vortex.    This  type  of  oscillation,  called  Aeolian 
oacillatlon,  often  occurs  in  a  high-rise  structure  with  low  rigidity  and  small  damping. 
In  the  wind  tunnel  investigation  for  the  froo  standing  tower  of  the  Hirado  Ohashi  Bridge,  it 
was  suggested  that  the  oscillation  might  happen  at  the  wind  speed  o£  11.4  m/s  and  the  maximum 
▼IbKatlonal  anplituda  at  tiia  top  of  tha  toMsr  ma  aa^actad  to  zaaoh  2.35  matara.  A 
■achanioal  darloa  vaiag  a  sliding  ooncrata  Mock,  allied  waa  ooniiaotad  with  tha  toaar  top  ^ 
wlra  xopa»  waa  inatallad  to  ai«i«asB  the  oscillation,   ilia  daviea  was  found  sucoasafttl  in 
autiprasslng  violent  osdillation. 

On  tlw  other  handi  a  Isrge  daflaetion  and  a  oataatrophic  Tlbration  like  flutter  aisy 
hmfpan  vbmi  tha  suapwidad  atmctora  ia  aracTtod.   Tha  daflaetion  can  be  peevanted  aaaily  by 
zainfbreing  the  atruotura  or  by  installing  a  qpecial  device  for  cramping  the  deflection* 
However f  the  catastrophic  oscillation  must  be  prevented  as  it  is  fatal  to  the  structure,  and 
it  ia  neoaasazy  to  oonfim  the  safety  against  strong  wind  through  wind  tunnel  teats. 

1.2  Erection  Plana  of  Sounded  Structure 

Vhe  Hirado  Ohaahi  M'idga,  which  ia  oonatructed  over  tha  Hirado  Sato  Straita  and  linka 
Hirado  laland  to  XyuAu  Island,  ia  tha  aaaond  largaat  auapanaioB  bvidge  ia  mpsa.    It  baa  a 
canter  apan  length  of  460  Mtera.    The  auapradad  atruotura  carrying  tso-lana  traffic  and 

aidewalk  is  stiffened  by  a  truss  girder  six  meters  high  and  14*5  aetare  apart.    The  clear- 
ance is  30  meters  above  the  sea  level  at  the  center  span.    The  cross-sect lonal  shape  of  the 
stiffening  girder  was  selected  through  wind  tunnel  tests*    The  location,  general  view,  and 
dimensions  are  shown  in  Fig.-l,  Pig. -2,  and  Table-1. 

The  following  erection  method  was  proposed  after  studying  the  site  condition,  amount 
of  work,  ccaatractian  nachioery,  eaonaaOoal  efficiency,  and  ao  oni 

1}    the  ccmstrnetion  of  atiffaning  girder  atarta  froa  both  anda  near  the  tower,  and  it 
paoeaeda  gradually  to  tha  Midpoint  of  tlie  ^en  aa  ahown  in  Pig.-3. 

3}   The  unit  of  auqpaaded  atrueture  in  erection  work  ia  40  aatara  in  length  and  200 
tone  in  wei^t  enospt  the  atartln?  atage. 

3)  The  canorete  blocka  in  the  barge  aire  hoisted  by  a  lifting  crane  set  on  the  s«in 
esbles.    The  state  of  raactlon  vork  is  shown  in  Photo-1. 

4)  The  field  connection  of  blocks  are  fixed  initiediately  after  lifting.     But  the 
tentporary  hinges  are  installed  at  the  sixth  point  to  minimize  the  erection  stress. 

By  using  this  erection  method,  the  construction  period  of  suspended  structure  was 
reduced  to  three  months,  and  the  floor  deck  (I-beam  grid  deck  without  concrete  slab  and 
pavesient)  waa  erected  togetiwr  with  atiflianlng  truw*   ftaraa  ^rPea  of  deck  shape  shown  in 
Fig.-4  were  prepoaed  for  erection  atage.   Crane  cere  can  be  driven  on  the  deck  in  Plan-XlX, 
and  thia  ia  convanimt  for  conatruction  work.   Bowever,  Plan-IXI  nay  asdsa  the  aerodynaBio 
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BtabUltY  vorsaf  so  Fl«i-Z  and  Flan^XZ  ware  also  pzofpoaed  as  waegUBmatMry  asthods.  Ilie 
■ajor  suibjaot  of  tlM  VMaarab  ms  to  axaBlne  aaxodyimlo  dharaotttrlatlea  of  thaaa  tiiraa  dadc 
plans  for  aroctlon  through  winA  tunnol  tast.    Staoto>2  dwm  tha  aactional  nodal  for  wind 
tunel  tasting  (6) . 

The  natural  frequency  varies  as  the  construction  %K>rk  proceeds.    Fig. -5  shows  how  the 

vertical  bending  and  torsional  frequencies  vary  in  accordance  with  the  stage  of  construction. 
The  natural  frequency  in  bending  mode  does  not  shift  so  much,  but  one  in  torsionAl  node 
increases  a  cer  the  middle  of  steps. 

DBSZGN  WIND  SPBBD  FOR  BHBCTIOM  8IMSB 
Ifind  lead  acting  on  m  struetuza  undar  oonatruetlon  la  dlf f azant  f zoa  ana  acting  on  m 

oaaplated  structure.    Namely,  the  axpeetad  iflnd  apaad  for  shorter  periods  may  be  used  to 
evaluate  the  design  wiiui  speed,  because  the  construction  period  is  usually  short.  The 
relation  between  a  return  period  (R  in  years),  a  probability  of  the  annual  extreme  wind 
speed  not  exceeding  a  design  value  (q} ,  euid  a  life  time  of  the  structure  (T  in  years)  Is 
given  by  the  following  formula; 

q  -  (1  -  I/W" 

It  la  naaaonabla  that  V  la  daflnad  to  ba  acpial  to  tha  axaction  pariod*    tha  araetion 
pariod  of  auqpandad  atmetusa  was  aatiaatad  as  tfaraa  Montfaar  and  the  total  duration  fm 
Btartlag  towar  oonMruotlon  to  f  inlahSng  tha  cxnatmetion  of  tha  suapandad  atmetttra  as 
fiftaan  Months.    Assuning  tiiat  T  ■  2  yaars  and  q  ■  0.6*  Idia  ratuxn  pariod  R  baeoswta  4.4  yaara 
in  tha  caaa  of  tha  Hirado  Ohashi  Bridge. 

The  monthly  maximum  wind  speed  for  the  last  thirty-five  years  at  the  Hirado  Meteorolog- 
ical Observatory  near  the  bridge  site  is  given  in  Fig.  6.    It  suggests  that  there  are  few 
occasions  of  strong  wind  in  the  period  from  January  to  June.    Hence  this  period  was 
supposed  to  be  the  best  time  for  erecting  the  suspended  structure.    Fig.-7  ahowa  tha  ralation 
batMsn  tha  ratom  pariod  and  the  expectad  wind  spaad.   It  foUom  fren  tha  figura  that  tha 
aaqpaotad  wind  sgpaad  In  tbiM  pariod  wltik  a  ratucn  pariod  of  4.4  yaars  (R  ■  4.4}  is  very  low. 
and  theraforor  tha  following  wind  spaed  based  on  the  return  period  of  tMsnty  years  was 
used  in  tha  designt 

Basic  wind  ^pead  20.2 
Design  wind  ipead  32.2  m/s 

Crltioal  wind  4paad  for  mtaatmpliie  oacillation  38.6  m/m 

WZMD  'XUHIIBL  IBSSS 

3.1  Nlnd  Tonnai  seat  Method  for  Suspension  Bridga  under  Oonstmctloa 

Generally  flpaaklng,  a  naetlonal  nodal,  iddch  la  a  rigid,  geonetrloal  oppy  of  n 
tspieal  seotion  of  a  fnll*>aeala  structure,  is  used  for  tha  aerodipnanic  atabill^  test  in 
the  caaa  of  a  eonplatad  bridge,  baeanaa  tha  unifaiznlty  of  laogitudinal  naas  dlatribatlon 

can  be  assumed.    But  a  sectional  model  can  not  be  used  directly  for  a  aoq^anaion  bridge 
under  construction,  because  the  assuinption  can  not  be  held  valid. 
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wind  tuiinel  test  methods  for  a  suspension  bridge  under  construction  are  classified  as 

follows: 

1)  SeotloiiAl  ■Ddsl  tMt  Mthod  ■ridng  om  of  zaduoad  hbss  parsMten. 

A  Qrplcal  langth  of  a  full  ■truoturo  !■  ODdelod,  audi  it  Is  rigigad  qp  is  tho  tmtA  by 
helical,  ifurlngt  with  required  etif CneeSf  end  the  weight  of  the  aodel  1«  elanlated  in  aooogdanoe 
with  a  rednoed  aaee,  which  xeinreaenitB  tiie  whole  etrwituze. 

2)  Mialytieal  aettiod  mklsg  wee  of  aexodyMBio  ooeffioiente. 

The  reasoaae  of  whole  etruoture  oae  be  obtained  by  waliig  non-eteedy  aaro^fneeio  focee 
ooefficients  which  eure  measured  through  win  tinnel  teots  on  a  two-diwieional  aodel. 

3)  Full-model  test  method. 

The  response  can  be  obtained  by  the  use  of  a  full-Bodel  with  necbanicaliy  and  geo- 
metrically simulated  characteristics. 

In  the  present  study «  methods  1)  and  2)  were  used. 

3.3   Stability  Met 

3.2.1  veat  froeediMce 

The  following  similarity  conditiooa  Were  eatlafied  in  order  to  rapleoe  a  full-aeale 

atructure  to  a  two-dimensional  aodel. 

1)  Mass  parameter 

where  N       t   redeced  aase 

naaa  of  the  proto^fpe  etruoture 
9'  f^i   Mde  function 

and  the  subacripts  o  and  t  denote  cable  and  suepended  atructure*  reipeetiwely.    The  reduced 
aonsnt  of  inertia  oan  be  ealottlatad  In  a  aiailer  meaner. 

2)  Vlbwatlon  ■ode 

The  nodel  le  Mounted  fey  helical  ePKlaga  and  it  pendta  botti  wertieal  tranalatory  md 
pit^iing  moticn.    The  natural  freqpienciea  In  fundamntal  asynetrlc  ■odea  (botlk  hendtng  and 
toraional)  were  oheerved  fbr  aodelling,  and  no  eoupUng  between  mgammtxis  eaeillatlen  and 

aaynnetric  one  was  considered  in  the  test. 

The  test  conditions  are  given  in  Table-2.    The  vibration  of  cable  is  so  dcmiinant  at 
the  earlier  construction  steps«  that  the  reduced  mass  becomes  very  large  and  the  similitude 
law  can  not  be  maintained  in  the  test.    For  this  reaK>n  the  Stability  test  for  the  thirteenth 
step  only  can  be  carried  out. 

3.2.2  Vaet  Mewlte 

Fig.-9  shows  the  relaticn  between  angle  of  attadt  a  (vertical  angle  hetween  wind 

direction  and  the  reference  axis  of  structxure  and  it  la  taken  ea  poaitive  when  wind  Uom 
upward)  and  the  critical  wind  ^eed  of  flutter  v^. 
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Am  •ttmet  of  dMk  slMff*  on  wind  aufaililgr  ia  etarlf  iod  tiucough  t9M  tMt  en  tto 
thtrt—nth  mbep,   Modal-St  having  an  cpenlwg  a«  tha  alMla  of  tha  daek,  ia  mtabim  «v  to 
50  9/9  ftt  tha  angla  of  attack*  46*.  on  ofhar  ofehar  Hindi*  iMal-lzl,  iMvlng  a 

aolid  dadc*  rtwwad  inatabiUty  at  a  •  5*,  bat  «lia  orltioal  wind  «aad  la        hitfhar  than 
tha  daalgn  wind  apaad* 

The  variation  of  stability  characteristics  with  constcoeticn  steps  cannot  be  obtained 
by  thif  test.    The  r^uced  mass  for  5th  to  12th  ateipa  beoonaa  ao  laxga  that  tha  atability 

la  these  steps  seeiBS  to  be  guaranteed. 

The  effect  of  fre<iuency  ratio  r  (the  ratio  of  torsional  frequency  to  bending  frequency) 
on  the  stability  was  examined.    The  test  was  carried  out  at  r  -  1.65  in  the  thirteenth 
atap.    Tha  type  of  oscillation  is  a  stall  flutter,  and  the  critical  wind  q>e«d      Is  pro- 
portlenal  to  radnoad  wind  sgpaad  (aaa  and  9*4>. 

3.3    Response  Analysis  Using  JkaKOdynando  fOroea 

3.3.1  Measureonent  of  aerodynamic  forces 

The  aerodynamic  force  acting  on  a  model  was  measured  by  a  forced  oscillation  method 
in  order  to  supplement  the  stability  tests.     In  the  case  of  driving  the  model,  great  care 
must  be  taXen  to  balance  out  the  inertxa  forces  of  the  model  so  that  only  purely  aerodynamic 
fioroaa  ara  naaaiufaa  (7) . 

iha  aarodlynanic  force  eeaffldanta  aaaanrad  ara  ihoim  in  Fig. -10.   CNR*  Inaginary 
part  of  tha  eeof  f  ieient  of  pitching  aanMit  in  para  pitching  oaeiUationf  at  a  ■  5*  in 
Modal-IXX  ia  poaitlTa  for  a]noat  Vtm  whole  range  of  wind  qpeed*  and*  on  tha  ottiar.hand* 
It  io  mgativB  in  Modol-I  and  Itodal-XXX  wiespt  a  -  S*.    «mb  CMTX  is  pooitiva,  tbo  vilwation 
^ratctt  with  one  dagsea  of  fcaadon  in  toralrmal  wda  baeonsa  imatahla. 

3.3.2  Estinatlon  of  Flutter  Wind  Speed 

Pluttar  wind  spood  for  mmA  step  of  ecactlon  stag*  ara  aatinatad  hf  tha  oaa  of  aare^ 
<^rnMBie  foeea  eo^ficionta.    Xn  tha  eeavutar  pcogran*  tha  aetlen  of  both  oahtaa  and  ana- 
pandad  atmeturaa  la  oonaldarad.   Tha  nuabar  of  nodes  in  tarainnal  and  **— ^*«*g  oaolllatiaa 
la  f Ivw  at  — Tii^im,  and  the  maftor  of  aModynaode  forces  along  tha  span  ia  tJwwa  at  «hh(1- 
nun.    It  ma  found  that  flatter  nagr  not  oooor  at  whole  angle  of  attack  in  Modal-Z  and  Hodal- 
III  (axcapt  a  -  5*).   The  cxitioal  flntter  ipaad  at  a  -  9*  in  Nodal-zxx  i«  aa  followa 
(toxaional  flutter): 


ma  aatlnatad  wind  speed  Is  noted  in  Fig.-9.1  to  ooeyre  witii  oooa  out  of  t±m  aaotion- 
al  mdal  teat.   Beth  caaultc  agcae  fairly  well  with  aadi  other,  and  It  la  foimd  that  ttm 
aatination  aathod  nalng  aarodynanle  foroe  ooaf f lelenta  la  rallCbla.   Vhan  tha  cocplad 
flutter  la  aaaoMd,  the  eatlnated  critiaal  wind  cpaed  daoraaaaa  allgbtly  aa  flbeiim  ia 
■able-3. 


5th  and  8th  st^ 

11th  step 


not  present 
73.6  n/s 
52.4  u/» 


13th  st^ 
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CONCLUSION 

A  study  has  been  carried  out  to  confirm  the  aerodynamic  safi^ty  of  the  HlradO  OtlMlll 
Bridge  under  construction.    In  conclusion  the  following  can  be  pointed  out: 

1)  The  desicjn  wind  speed  for  construction  voik  is  estimated  by  the  use  o£  wind 
record  in  the  last  thirty-five  years  at  the  Hirado  aeteorclogical  Observatory.  Assuming 
tha  return  pariod  of  tmii^  yMra.  the  eiveotad  faule  wiaA  QMd.  tlia  dMlga  nind  aipMd, 
and  tha  orltioal  wind  ^poad  tor  flutter  ara  oaloualtaa  aa  20.3*  33.2,  and  36.6  m/m, 
Mipaotlvttly. 

2)  fha  wi»d  tumtal  tMt  on  aaetional  aodala  show*  that  Hodal-X  vlth  oipanlag  la  tka 
■iddla  of  tha  dade  is  atabla  fbr  vliola  angla  of  attack  and  liDdal>m  with  aoUd  dadk  ia 
unstable  fbr  tlia  angle  of  attack  more  tlian  four  dagxaas.   The  orltioal  wind  «aad  at 

o  «  4*  ia  fairly  high,  i.e. ,  over  50  m/s,  ao  that  Modal-XIZ  ia  jndgfd  to  hava  auffldont 

attOdynanlc  stability  in  practical  use. 

3)  The  responses  calculated  with  the  aerodynamic  force  coefficients  give  good  corre- 
lation with  the  test  results  on  sectional  models,  and  this  proves  that  the  test  methods 
are  reliable.    The  instability  of  laridge  can  occur  in  torsional  flutter,  and  the  effect  of 
ooiqpllnig  of  bonding  and  toralonal  vibration  aa—  to  bo  nagligiblo* 

4)  Una  variation  of  fluttar  wind  «aad  with  tha  progroas  of  oonatruetton  uoifc  ia 
derivod,  and  it  is  ahom  that  tha  fluttar  wind  qpaad  ia  high  at  tha  first  stagof  and  than 
it  dseraasea  gradnally  as  ths  stage  prooeads.   Ihla  rssolt  is  diffarant  froa  those  of  the 
Soman  Bridge  and  tha  Kamon  Bridge. 

5}   As  stated  ahowa,  iz  is  ooneluiad  that  Plaa-ZZZ,  in  which  the  atiffaning  truss  and 
eolld  dock  are  constructed  altogotliar«  has  anffioiant  aerodynamic  stability.    In  tha  atndbr* 
only  aerodynamic  stability  tests  are  performed,  and  no  attempt  is  done  about  the  large 
deflection  of  suspended  structure  due  to  wind  action  in  construction  stage. 

lha  field  Mork  started  in  Nbmaryf  1976  and  ended  in  Migr  of  the  aana  yeer*  Coring 
the  field  worik,  the  results  of  the  stn^r        folly  eBPUed.   fho  structure*  tfaouglh  it 

has  a  solid  deck,  showed  no  harmful  vibration  during  erection. 

The  anf.hnrs  would  like  to  ncVnowledge  the  staff  of  Structure  Section  of  P.W.P.T.  for 
their  valuable  a'j'sistance.     The  work  described  in  the  paper  has  been  carried  out  as  part  of 
a  research  prcqrai^  on  the  Hirado  Ohashl  Bridge  Design  and  Construction.     The  authors  are 
much  indebted  to  the  sta££  of  rhe  Hirado  Ohashi  Bridge  Construction  0£fice  for  their  earnest 
oooperatloB. 
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Fig.  8  Model  systen 
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TaU*o2.2  TmC  eeadttlon  with  Mcclaaal  aodal 
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Vabl«-3    Critical,  Flutter  Vind  Spaad 
at  lUs*    in  Modttl-ZZZ  Wa) 
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PRESENT  SITUATION  OF  EjVRTHQUAKE  PREDICTION  RESEARCH  IN  JAPAN 
Kazuo  Hamada,  National  Research  Center  for  Disaster  Prevention 
Hiroshl  TaXabashit  National  Research  Center  for  Disaster  Prevention 
Hlroribi  SatOf  Gaogxipiqpoal  fiurviy  Znatitute 
Jkklra  Shim,  itotaorologleal  MMareh  inatitttt* 

ABSflMCT 

Jia  outllM  of  tiM  Jiv«M**  Mtlomal  vtoqam  of  Bartbqaik*  Pxadietioti  i»  l»trodiie«d 
iMM*   rirstf  tiM  pcogrMs  vp  to  a»t«  of  th«  Mtlonal  pcogxwi  of  Murthqaako  procltiotif 
Mooadf  th*  osganiMtlea*  Mlatad  to  Uia  pr«tfletioii«  tlwir  nain  zoloa*  and  tha  organisational 
Btrttoturai  tiilxd,  tlw  atxatagy  of  onrthqaaka  poaaietion  lay  tha  oooKainating  oaaalttaa  Sot 
Barthgoaka  Pxadictloa  (OOP)  i  fourth,  tha  aotivitiaa  of  tha  CBDi  fifth,  tha  praaant  atata 
of  oarthquake  prediotioni  aizth«  the  pxoaotlon  of  tha  prediction  program,  including  tha 
authors'  points  a£  viaw  and  finally,  tha  fbllowiag  itaaa  of  raaaarch  and 
aca  introduced: 

1.  GEODETIC  SURVEY 

2.  TIDAL  CB5ERVATI0N 

3.  CONTINUOUS  OBSERVATION  OP  CRUSTAL  MOVEMENT 

4.  msNic  OBsaeneam 

5.  vBLOcm  cmiK»  or  seismic  mvBS 

6.  hCnVB  FMIUfS  hHD  VQCDinS 

7.  flBOWhCMBlIC  MR)  GBOBUCIKK  OOSBRVATXOMS 
B.  lABOIOIfEORY  BOSftlMBMfS 
9.  WOMB  WJISBD  10  QMSUK)  NRiSBR 

10.    Mflh  fROCBSSINS  MID  NOMITOBniS  SYSTM 

It   Bactiiqiiaka  pradietlon;  Japan  National  PrograBj  preaant  atata 
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PSOGRBSS  <«  BABSBQ^DUn  FBBDXCTIQIi  RBSBAIICH 


ibtt  prttsant  rasMundt  of  ttarttagiiak*  pradietioa  qotm  back  to  1962,  iriMci  tho  puibllea,tion 
"Earthquake  Pxadietlon  -  Progress  to  Date  and  Plans  for  rotnre"  was  Issued  by  a  reeeardi 
gzot^  f«-  an  eartiiqiiake  pradietioo  progzaii  oonaistlng  of  Japanese  SBlanolegiets.  Vhle 
planning  had  dnmn  mieh  attention  in  the  world*  eapeeially  in  the  Ohlted  States,   lis  a 
resultr  the  first  Japan-Onlted  States  Oonfereoee  on  Sesearoh  Italated  to  Bartiigpildce  Bre- 
diotlon  vas  held  In  Wkyo  and  Kyoto  in  1964,  under  the  auapices  of  the  Japan~anited  States 
Cooperative  Progran,  which  still  continues  up  to  the  present.     In  Japan,  the  Science 
Council  of  Japan  and  Geodesy  Council  in  the  Ministry  of  Education  estciblished  some  committee 
neetings  and  made  recommendations  and/or  authorized  proposals  to  the  Prime  Minister  and 
other  related  Ministers  with  respect  to  promotion  of  earthquake  prediction.    Table  1  sumoa- 
rizes  the  raain  events  related  to  the  promotion  of  earthquake  prediction  up  to  the  present. 
A  national  progrtan      sartiiquahs  prediotien  was  laundwd  in  1969  with  Idie  fiaanelal 
sivport  of  the  Govcmwent.   The  fiindiag  and  planning  of  the  pxograM  have  been  in  5-year 
inezenents.   The  pcogran  is  now  in  the  third  5-year  se^nnt  and  will  he  15  yeus  old  by 
the  end  of  the  fiscal  year  1977.   As  a  result  of  the  pocogress,  the  nnria«r  of  reseandi 
scientists  and  tediniciana  involved  in  the  national  pEOOrm  eseeeda  four  hundred  and  several 
tens,  and  the  total  funding  In  1977  anounted  to  3.7  billion  yen  (approxlnately  $13  nillion, 
Flq.  1).    Daring  these  years,  approximately  130  additional  positions  for  scientists  and 
technicians  were  created,  and  a  total  of  15  billion  yen  tri.ll  have  been  allocated  by  1977. 
This  budget  is  the  largest  of  all  projects  in  solid-earth  science  in  Japan.     Since  the 
Japanese  funding  excludes  salaries  and  the  costs  of  construction  of  observatories,  the  size 
of  the  Japanese  progrjun  is  not  stnall  xn  comparison  with  that  of  the  United  states  whose 
funding  was  $11  nllllon  in  1976,  Including  salaries  (National  Acadeny  of  Science,  1976). 

OMANZSKnOMS  RBIATRD  TO  IHB  PHBDZCTIOM  PlOSnUl 

Organizations  related  to  the  earthquake  prediction  program  and  their  main  roles  are 
shoHn  in  Pig.  2.   All  sorts  of  iafomation  of  qp-to-date  researtih  and  observations  oonoem- 
ing  the  earthgpiake  prediction  are  gattiered  into  the  OCBP  tex  judgaants  witii  rsipect  to  the 
eartbqoaXe  occurrence  in  and  around  jiqpMi.  Main  courses  of  Infontation  flow  to  the  ccbp 
are  illustrated  in  Fig.  3.    Itaare  are  about  9  organisations  of  universities  whidi  hsvs  their 
unlqae  programs.   Most  reqinlreaients  of  budgets  and  new  positions  from  tiiese  organisations 
are  approved  by  the  concerned  ministries  or  agencies  (Science  and  Technology  Agency, 
Ministries  of  Education,  International  Trade  and  Industry,  Transportation,  and  Construction) 
through  ordinary  administrativp  •procedures.     There  are  no  review  panels  made  up  of  scientists 
assisting  a  responsible  agency  in  selecting  the  research  projects  and  other  requirements 
to  be  supported,  unlike  the  United  States.    Nor  is  there  a  responsible  lead  agency  which  is 
responsible  for  the  whole  prograa  concerning  the  earthquake  prediction,  like  the  State 
Seslnological  Bureau  of  €3klna.    In  Japan,  however,  deep  regard  is  given  to  the  proposals 
by  the  Geodesy  counoil. 
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The  CCEP  designated  some  areas  as  the  "area  of  specific  observation,  area  of  intensi- 
fied observation,  and  area  of  concentrated  observation"  as  the  target  of  a  strategy  of  earth- 
quake prediction.    The  designation  of  an  "area  of  specific  observation"  is  given  to  areas 
of  blstorically  disastroiis  ••rthquakes,  active  faults,  high  sttiaaleity  lA  a  liM.tad  araa*  and 
an  iaiportant  araa  txam  aoeial  and  afxunoBle  tmpwstst  Ilka  a  dansaly  pqpulatad  araa.  Mnaiavar 
anoMloua  jpImimbmm,  aneh  as  land  uplift,  ara  ofaawvad  fay  althflar  nationifida  obaaxvations 
like  geodetic  survey,  selande  observations  and  tida-gaoga  obswcvatlons  oar  other  obaarvatiaos 
in  the  *axea  of  specific  observation,"  the  region  of  anoaaly  la  designated  as  an  "area  of 
intenalfled  observation."   If  the  anomalous  pbenoaena  are  later  sospeeted  precuesory  to  an 
impending  earthquake,  the  designation  will  be  tibanged  to  an  "area  of  concentrated  observa- 
tion," and  all  types  of  observations  will  b«  concentrated  there.     And,  If  the  precursor  is 
later  more  positively  ascertained,  all  efforts  will  be  concentrated  to  predict  an  earth- 
quake.   As  illustrated  in  Fig.  4,  the  Tokai  area  and  the  southern  part  of  the  Kanto  area 
are  "areas  of  intensified  observation."    However,  there  is  no  "area  of  concentrated  observa- 
tion" up  to  the  present. 


Hw  OCBF  has  not  yet  issnad  any  prediction  of  an  earthgoake,  in  oontxast  with  the 
eitaaiples  of  the  united  States  and  China.    HOiraiver,  after  its  eatabliidiaMat  in  1969,  the  CCEP 
mleaeed  a  serlss  of  infoauttion  related  to  an  earthquake  to  the  soeiel^  in  the  fom  of 
gen«ral  waxnlngst  uplift  in  the  Boao  and  Hiura  Peninaulas,  no  chance  of  a  large  earthquake 
in  the  ICanto  region  for  the  tine  being,  possibility  of  a  large  earthg^ake  in  the  ISokai 
area,  the  recent  uplift  in  the  latmr  reaches  of  the  Tanagaua  river,  Kaimsaki  city,  and  aost 
recently,  the  uplift  in  the  tza  Peninsula.    Thus,  the  CCEP  also  plsys  the  role  of  a  sediator 
between  the  scientist  and  the  society    besides  the  judgment  of  earthquake  prediction. 

Although  any  prediotion  of  earthquake  has  not  yet  been  issued  in  Japan,  if  we  take 
"prediction"  in  a  wide  and  general  sense,  such  predictions  were  issued  twice.     A  coordinat- 
ing cooonittee  issued  the  first  one  to  the  local  people  Uirough  J>1A  (Japan  Meteorological 
Agency)  irtien  the  Mat«ushiro  Eairtbquake  Smm  (1965-1967)  by  judging  from  ndcxoearthquake 
activities  preceedlng  tiie  ocoucxenoe  of  nedluB-slse  earthquakes.    Shs  second  prediction  in 
a  wide  and  general  sense  ims  ande  by  the  OCBP  before  the  Of fHMMuro  Bartfaqnaka  of  1973  by 
judging  fm  Htm  seiaodoity  gap  and  the  acoumlated  oroatal  defomation. 

THE  STATE  OF  EARTHQUAKE  PREDICTION 

Predictions  of  earthquakes  should  cpecify  the  tiaa,  negnitnds,  and  place  irith  the 
probabilities.    Howevsr,  neltfier  the  present  state  nor  the  present  distribution  of 

InstxuBentation  pemits  UBefnl  predictions  to  the  society  on  a  routine  basis.    An  earth- 
quake prediction  theory  (e.g.,  Rikitake,  1976)  or  a  formula  to  predict  an  earthquake 

is  not  completed,  but  is  at  the  developing  stage.    Also,  a  final  network  of  observations 
for  the  prediction  on  a  routine  basis  is  not  made  clear.    What  is  certain  is:    any  kind  of 
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tiw  pzvMiit  ohMTViatloinB  Is  not  auf f ieisttt  yst  and  «•  haws  to  aooltov  not  only  ono  ot  two 
but  sevar&l  klnda  of  observations  in  order  to  select  a  phaneaHion  really  precursory  to 
earthquakes,  rejecting  alL  the  disturbances  from  other  sources.    And  a  final  synthetic 

judgment  is  required  from  observational,  experiinental ,  and  theoretical  aspects.  Although 
the  present  state  of  prediction  is  not  at  em  advanced,  satisfactory  stage,  if  a  precursory 
phenomenon  to  a  large  earthquake  appears  very  strong  in  a  wide  area,  we  could  recognize 
the  precursors  fron  the  present  network  of  instrumentation.    Iharefore,  constniction  of  an 
intagrntad  ayatan  of  data  gatiiarlng/ralaasar  analyaas,  and  ludgmanta  ia  iirgad  especially 
foe  the  Mkai  aeaa. 

PnOHOIUOIH  Of  BMKXafgUKKE  FUBIUCIIOII 

Sine  Avanoaa  lUitlonal  Progran  of  lartitqaaka  Pradietlonf  alaea  It  maa  laimdhod  in  l9tS,  haa 
been  gradually  atrengthnied  by  mitaal  oooperatlon  of  different  organisationa.   1!Im  pcaaant 
organisational  stroetura,  taoMivar,  ia  no  longar  adaqnata  for  tha  growing  prograa  with 
Ineraasingly  wide  variety  of  oifaoarvatioaal  data,  larger  oontinuaoa  nonitorlng  ^fetanar 
broadening  areas  of  reaoarehf  and  aynthatie  Judgnanta  fron  all  kinds  of  data  and  reaearob 
at  the  sane  tljw.    Serious  problans  in  tbe  program  are  the  Chance  for  studying  social  a^peots 
of  prediction  and  the  absence  of  a  responsible  lead  agency.    Under  these  circumstances, 
the  Headquarters  for  Promotion  of  Earthquake  Prediction  was  established  in  October,  1976, 
with  purposes  of  interministrial  adjustment  and  conmunication,  and  of  promotion  of  coi^re- 
hensive  and  systeaiatic  planning  with  respect  to  the  national  programs.    This  Headquarters  is 
of  the  highest  level  of  its  kind  In  Japan  and  la  expected  to  Influence  the  state  of  earth- 
quakaa  very  anieb. 

inw  OF  OBSBRVMICMS  JkMD  MESBUICR 

Itena  of  reaaareh  and  uijaaiwationa  fior  tha  pradietion  progxaa  are  outlined  aa  foXlowat 

1.  GBODBTIC  smmR.   h  nationwide  triangulatlon  (recently*  tirlateration)  iMtNork 
conaista  of  6000  f  irat-order  and  aeeond-crder  triangolation  pointa  whiob  are  eurveyed  by  GBX 
(Geographyeal  Survey  Inatitute)  ty  meana  of  geodineters  at  5-year  intervals  (Fig.  5) .  Also« 
nationwide  levellings  of  first  order*  20#000  km  In  total  length*  are  condoetad  by  QSl  every 
5  yeera  (Fig.  6) .    In  a  apacial  region  Ilka  the  Capital  area,  GSI  has  a  planning  of 
accurate  geodetic  measurements  at  the  resurvey  intervals  of  2.5  years  and  other  temporary 
geodetic  measureaenta  on  oocaaion.    Gravity  aurveys  are  conducted  by  GSI  and  univeraltlaa 
occasionally. 

2.  TIDAL  OBSERVATION.    There  are  about  100  tide-gauge  stations  along  the  coast  at 
approKlaataly  100-kii  Intervala.   Vhaae  atationa  belong  to  JMk,  GSI,  and  HD  (Hydrographio 
Mpartnant)  prlnarlly  (Pig.  7)  *  but  thaiz  obaarvatlonal  data  are  gathered  into  tha  Coastal 
Movanant  Data  Center  of  GSI  and  releaaad  fron  this  center. 

3.  coMTiMOoro  OBsnNKTiON  OF  CKMTK*  NOVBBMT.   There  are  various  Qipes  of  strain  and 
tilt  owtars  for  oontinapus  obssrvatlon  of  crmstal  novments*  but  tbey  are  still  at  tha 
devalcplng  stage.    Sbey  are  allioa-bar  atrain  Mtara*  wire  atrain  aatara*  volvsMtric  strain 
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mmttaem  of  buriad  typa,  tilt  mmtmn  of  berabole  type  wid  of  tonnel  typa*  and  water-ttibe 
tilt  Mtaxf  •  Host  of  tben  b«long  to  iiiiiv«»itlfttf  om,  and  cdp  (natloiwl  RMwrch  Gantor 
for  Diaaatar  Vxaivantian)  and  am  diatrlbvbad  at  «boat  30  aitaa  illnatratad  in  Pig.  8. 
naoentlyt  ai^hasis  is  plaoad  on  tha  oontinuoua  aonitorlog  of  exnataX.  novaaenta  in  the  vokal 

axoa  as  seen  in  the  figure. 

4.  SEISMIC  OBSERVATION.     JMA  has  a  natiorwide  network,  consisting  of  about  120 
stations,  for  large,  moderate,  and  small  earthquakes  of  M>3   (Fig.  9),  and  regularly  pub- 
lishes a  bulletin  of  the  earthquake.    Furtheriaore ,  JMA  is  now  constructing  euiditional  20 
high-sensitive  stations.    Micro-  and  ultra-  microaarthquakes  are  observed  at  about  one 
hundrad  and  aavoral  tana  atationa  idiich  balong  to  aeproslnataly  20  obaarvstoriaa  of  aavaxal 
tuiivaraltiaa,  CDP,  and  Jm  CFlg.  10) .    Savan  unlvaraitiaa  bava  tbaix  nobila  partiaa  for 
toqporary  obaexvatlona  of  aioro-  and  tiltra-vieioaarthqnakaa. 

CDF  iaatallad  da^-boralwla  aaiaaaaatara  and  tilt  aatanln  a  3S00-H  nail  at  tin  Ximtaaki 
city  about  30  kn  north  froa  tfaa  eantar  of  VbH^,  ao  aa  to  evareooM  axtif ioial  noiaaa  in  tba 
Tokyo  area.   And  otbar  two  daap-bor^la  obaarvatoriaa  will  ba  oc«pl«tad  in  a  few  yaara 
also  in  the  Tokyo  area. 

There  eure  three  types  of  ocean  botton  seismometers  (OBS) ,  an  anchored  buoy  type,  a 
free-fall  pop-up  type  by  the  University  of  Tokyo,  and  a  submarine  cable  type  by  JMA.  JMA 
intends  to  set  several  OBSs  of  submarine  cable  type  off  the  shores  of  Tokai  area  for 
oontinuoua  observation  on  a  routine  basis. 

5.  vmocm  CBMIGB  or  ansmiC  lOUqn.    in  QoopamtiQn  with  unlvaraitiaa  and  CV>  GS 
(Geological  Survey)  baa  repeatedly  cenduotad  the  eiqploaion  ei^periniBnt  at  IBU-Oahlna  laland 
alnoa  1968  at  intervala  of  aifprcuclaiatialy  one  year,  with  the  ai»  of  annitoriag  ttm  velooity 
cbanga  of  aaianio  P  wvaa  proipagatiDg  baoMth  8aga«i  Bay*  which  waa  tbm  epicentral  area  of 
the  great  Xanto  earthgoake  of  1933.   Mo  velocity  change  eotceeding  0.1%  haa  been  obeerved 
UP  to  the  praaent  (Pig.  11) . 

6.  ACTIVE  FAULTS  AND  FOLDINGS.    By  mutual  cooperation  of  universities,  GS,  and  CDP 
the  research  of  active  faults  and  foldings  over  the  country  were  sunnarized  and  published 
(e.g.,  Research  Group  for  Quaternary  Tectonic  Map,  1973).     Matsuda's  work  (1972)  is  a 
classification  of  active  faults  based  on  an  average  dislocation  (Table  2) ,  and  it  includes 
bis  studies  with  respect  to  a  recurrent  interval,  of  earthquakes  along  the  fault.  Recently, 
a  saaearch  group  of  iBiiTOlca  and  his  oolleagoas  inveatigated  tiia  distribution  of  active 
faulta,  their  aotivitiaa,  and  aaiaaic  riah  all  over  the  eeuatry. 

7.  GUNMSMRic  AMD  GBQULHCXiac  QBSBKASIOMS.   Nodh  aapbaaea  are  placed  on  geoaaignetic 
secular  variation,   ihsra  is  a  nationwids  array  of  aoourata  proton-praeaaaion  aagaetiMaatera 
aa  ^town  In  Fig.  12.   «ha  natural  noiaaa  contandnata  Uie  obeerved  valuea  of  the  total 
intensity  of  the  gaoiaagnetic  field  unaiqpaetadly  so  Tnuch  that  it  vi^it  not  be  aaey  to  detect 
signiflcaint  changes  associated  with  an  earthq[uedce .    First-order  geomagnetic  surveys  are 
conducted  every  5  years  by  GSI  at  about  300  sites  all  over  the  country,    continuous  moni- 
toring of  the  earth's  resistivity  changes  has  been  carried  out  at  Aburatsubo  about  60  km 
south  of  Tokyo.    Some  precursors  and  ooaaiHiiic  changaa  have  been  reported  (e.g.,  Yamazaki, 
1975). 
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b.     lABOKA'IORY  iiXPHKlKKNTS .     Apparatus  for  the  experiments  of  rock  failiura>  which  sim- 
ulates the  circunstancea  prevailing  within  the  earth's  crust,  were  installed  at  five  univer- 
•itlM  and  m.  Htdm  kind  of  iavwstlgation  im  cvpraMnM  by  Mogi<B  mtIm  of  aigrlMfra. 

9.  Manes  MBuenD  to  anom  nkcir.  MMundt  on  gromdpiMitar  l«val»  nhialril  analysis, 
and  xadon  oontant  aa  nail  aa  ottmae  vatax^^alatad  xaaaaroh  ficoa  tha  viaiipoliit  of  aarthgpaaka 
pcadlotloa  belong  to  tha  aoloatiflo  fialda  vhera  Japan  was  baihiad  ottaar  oouotclaa. 
Kaeantlyf  tha  llhivBEalty  of  VaUqpo  and.  <3B,  bonevarf  invaatigatad  ancb  watar-zalatad  problani 
(•.g. »  Waklta*  1976) .   Alao.  GDP  la  going  to  atazt  on  auoh  noxka  with  a  naiAy  eraatad 
caaaaxoh  gco^p> 

10.  naSk  MOCBSSZMB  AMD  MONITORING  SYSTEM.    Various  centers  for  specific  activities 
were  established:    the  Crustal  Activity  Monitoring  Center  in  GSI;  the  Seismicity  Monitoring 
Center  in  JMA;  the  Earthquake  Prediction  Observation  Center  in  ERI   (Earthquake  Research 
Institute) j  and  th«  Local  Center  of  Earthquake  Prediction  Observation  in  each  of  five  main 
universxtxes.    These  centers  are  gathering  and  processing  the  widely  groMing  variety  of 
oboarvatlon  datn.   Itost  of  tha  data  are  gathasad  and  aant  by  n  talMataring  netwoxk  to  tbaaa 
oantars.   Vartbannr««  at  saeaaant,  a  ooordlnatad  aystas  of  ^rnthatlo  and  mpid  jadgnanta. 
analyaaa*  and  data  gathavlng/ralaaao  fzoti^to  all  tha  <!antara  and  otganlsationa  all  ovsr  tha 
eeuatxy  is  tndar  di«eiiMion.  vo  pvoaota  tha  ihort-taxm  pradietloa  la  tiia  Meal  a>a«f  nhieli 
1«  s«ibllely  au^paotad  to  faa  danguona,  a  Judgaant  aaaadttaa  la  going  to  atast  tha  Moak 
vndar  tbm  supaKviaion  of  tha  GOV. 

nanaiafnarl<i  naaaarete  Gsoiqp  on  Barthqiiaka  ttadiotion  <1974)  i   Obaarvation  of  capnagnatie 

Total  Intensity  under  the  Project  of  BartiiVMka  txadietion  naaaaxeta*  1973-1973, 

Report  of  the  CCEP,  12,  151-160,  in  Japanese. 
Gaological  Survey  (1977):    Data  svdBMlttad  at  tha  36th  aaatlng  of  the  CCEP  of  Feb.,  1977, 

in  Japanese. 

Natsuda,  Tokihiko  (1972):    Earthquakes  and  faults  Croin  geological  standpoints,  Proc.  12th 

Oeof .  iBirfhKiHaira  Bnginaariag,  gomi.  xartiiqpiaka  Biginaarlng,  Japan  soeiaty  of  civil 

Mgiaeaea,  Telkso,  1,  in  J^panaaa. 
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■abl*  1.   vregMM  to  Mte  of  iwtlivMka  Fr«aictlaii 


Y.  M. 

1961  4       The  first  meeting  of  the  research  group  for  earthquake  prediction  program. 
X962  1       "Earthquake  Prediction— —Progress  to  Date  and  Plans  for  Future"  was  issued  from 
Hbm  «lM««  MMSseh  group. 

1963  6      Hw  SmtioBal  tle»t1ng  oC  Karthqwiw  Pndietiao  mam  MtafcllrtlMd  in  th*  GaodMiy 

Ovanetl  in  the  lUalstxr  of  IdneatioB* 
10      TbA  Selmee  Ooonell  of  Jvan  geoo— nfled  th*  OovMCMMnt  to  pronoto  aartfavMlw 

PKOtflotiOIP  EOBOUECll* 

1964  6      Am  Gaodaqr  Oounell  propoMd  to  tlM  MinlatrlM  of  Baticatiain«  Xntaxnatlooal  Vcade 

and  inAMtry*  vranqpoctatloiif  and  Oocwtxaetioo  on  pliming  of  MrtligiMlM  pr*-. 

diction  re«search. 

1965  3       The  '^nb-Cotnmittee  Meeting  for  Earthquake  Pred-.ctinr.  was  established  m  the 

Coordinating  Committee  for  Geophysical  Research  in  the  Science  Council  of  Japem. 
4       Beginning  of  financial  support  to  the  program  of  earthquake  prediction  research. 

6  Yearly  solisdiil—  Of  mattin^aAm  pradletidB  BBMacoh  MM  nad*  tgf  tJio  •vlfa-OMHittao 
Naotiog  fox  Earthquate  Pxodietlon. 

1966  6      Am  yoorlr  ocihadttlM  ware  Mdifledr  comldarliirg  tho  —pagianoe  of  tha  Nataoahiro 

aartiiiq!iudca  awan. 

1968  S      ftdOKMladgaMMit  at  tlia  dblnat  Oounoll  on  tvplloatlMk  of  aarthijialfo  pcadiotloii 

xaaaardif  in  oonaidaratlon  of  daaagaa  oaoaad  by  tiw  1968  off-nkatdd.  larthqoOka. 

7  vhe  Geodesy  Oouoeil  prapoaad  to  Htm  ralatad  Mljiiatara  an  «iplicatieo  of  aartliqiatfca 

prediction  research. 

1969  4       The  Coordinating  Comiaittee  for  Eartiiquake  Prediction  was  established  in  thr  Geo- 

graphical Survey  Institute,  for  exchanging  information  and  overall  judgments 
concerning  earthquake  occurrences. 

1973  7      AgreeaMit  to  pcoaota  aarthquaka  pcadULetloa  aft  tha  oanftieal  oonfaranea  for  oiaaatar 

Pravantlon  la  tha  Vrina  Nlaiatar'a  Offioa. 

1974  11    Am  ooonJinating  OoMittaa  to  ftranota  Earthviaha  Fradlotlon  naaaarcb  ma  aatOb- 

liahad  for  a4alniatx«tl«a  adjaatsttflt  amg  ti»  Mlalatsiaa  and  Jl«anoiaa. 

1976  10    Tha  Haadggartata  for  PMNOtlen  of  Barthqpaka  Ptodiotlen  naa  aatablldhad  in  tha 

cahlaat  and  tht  above  ooordinatlng  oandttaa  to  pxanta  aarthqiialBa  pcadiotion 
research  vas  displaced  by  this  headquarters. 

1977  A  Judgment  Committee  of  the  "Tokai  Area  will  be  astalaliahad  to  praaota  ahort-tam 
prediction  in  the  Tokal  area. 
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Main  active  faults  in  Japan(Matsuda»  1972) 
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Yearly  budget  related  to  the  prediction  program 
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Pig.  4.    DMlgnatifln  of  avM  fay  the  Gooxdliiatlng  ConnlttM  for  Barthqoake  Pradletlon 
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rig.  S.    nutionwlida  natwork  of  a  first-order  trlangulatlon. 
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TSUBO 


Fig.  6,   Nationwide  first-order  levelling  routt 
20,000  kn  in  total  length. 
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Fig.  V.     Tide-gauge  stations  registered  at  Che 
Coascal  Movement  Data  Center. 
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the  CcnplflBfliitary  laportaiics  of  EartlM|ualw  fradlctlon 
and  Structural  Rcspooae  Satlnatlon  Ixt  SelBnie 
Dealgn  and  Plamiliig  Declalona 


nOBXM  K.  MCGUIRB 


U.S.  Geological  Sucv^f  Denver,  Colorado*  U.S.A. 


Abstract 


The  preseot  uncertainty  In  estimating  the  responaes  of  iiamade  and  natural  struetures 
to  earthquake  threats  in  tranalatttd  into  cost  penalties  reflecting  costs  associated  with 
poaalble  failure  of  the  structure  due  to  under eatlaatad  rasponaa,  and  coata  aaaociatad  with 
overdesSgD  of  the  structure  (or  over«conservatlve  reaction  to  a  haaatd)  due  to  ovearasti- 
nated  levels  of  notion.   The  Inportant  uncertainties  for  sslsnle  design  and  planning  deci- 
sions are  those  associated  with  the  size,  location,  and  tine  of  future  earthquakes,  and 
those  associated  with  estimating  ground  motion  and  structural  response  during  these  events. 
It  la  shown  that  roduelng  the  uncertainties  in  one  part  of  the  problcB  has  only  a  Hlnor 
effect  on  reduclx^  the  (social  and  econoalc)  coat  of  earthqualtes  unlesa  slgnlflcsat  sad 
conpleaeatary  advances  are  also  aade  In  reducing  the  uncertainties  of  the  other  part. 
KEYUOROS:    Seismic  risk;  Design  daelsloos;  Nlntmun  cost. 


Long-term  earthquake  design  and  planning  decisions  are  made  daily  and  will  continue 
to  be  made  as  earthquake  prediction  capabilities  develop  and  as  new  theories  are  tested 
to  estinate  ground  notions  and  reaponses  of  structures  (natural  and  nainade) .  These 
decisions  include  chooalng  aaiamlc  design  levele*  aoning  land  for  dlfferMt  types  of 
developtseat  depending  on  the  earthquake  hasard,  and  condennlng  existing  loip-Btrengtii 

bulldingii.    The  uncertainties  associated  with  earthquake  occurrence  and  with  the  ground 
tratlon  and  structural  response  generated  by  the  event  lead  tp  cost  penalties  associated 
witik  these  deelslons*   The  purpose  of  this  paper  Is  to  exanlne  slaple,  typical  cost 
penalty  functions  and  to  eatlaate  the  penalties  assoclatsd  vith  present  unceirtainty  and 
with  various  advances  In  earthquake  prediction  capability  and  in  ground  notion  and  strac 
tural  response  estimation. 


Introduction 
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Cost  peDcltlea  can  be  aaaoclated  with  tbm  two  possible  outcones  of  s  design  or  plsn^ 
nlag  decision  regarding  esrtiiqusfce  hsxszds;    fallore  of  the  structure  or  systen  of  inter~ 
est,  or  survival  of  the  structure  or  system  because  of  over-design.    The  rare  Instances 
In  uhleh  s  stxueturs  etperisaess  cacsctly  the  design  rssponss  during  Its  llfstlJM  esn  be 
rsgsrdsd  as  s  erlvisl  ease  of  tiw  s«oond        of  ovteons.   For  tlis  purposes  of  this  brief 
study,  tbs  "ssrtbqusks  dSBisnd*  ss  well  ss  tbs  "structural  eapseity*'  will  bs  aessursd  by 
randont-variable  Y,  which  may  (as  In  the  example  to  follow)  be  peak  ground  acceleration 
or  some  other  ground  motion  measure,  or  it  may  be  a  structural  response  measure  (inter- 
story  displaeeneat,  pcresat  ll^uef action  of  an  sarth-fiU  dsa,  ste.). 

Iba  failure  cost  pmal^  ^^^i*^)  ^  *  funetloa  of  the  design  capacity  y^  and  the 
dsasnd  on  the  structure  T  (this  dsonnd  nay,  in  the  general  ease,  be  the  result  of  one 
earchquake,  che  maximuffl  of  a  series  of  earthquakes,  ur  the  cumulative  effect  of  a  series 
of  esrtbquakes) .    Let  y  be  s  spscific  observation  of  Y;  then  failure  Is  defined  as  y>y^* 
A  possible  function  for  Cp  Is  shown  In  Flgurs  1.   Vor  ySy^  thsre.  Is  no  fallurs;  ss  y  ln> 
creases  above  y^,      increases  fton  aero  to  a  wsTtun  value     which  nay  cepresent  the 
r^laeenent  cost  of  the  structure  or  the  nsxlnun  life  loss  possibls. 

The  cost  of  over-design       is  equal  to  the  cost  of  earthquake  design  provided  in  the 
stroetura  ^(y^)  •  nlnus  the  cost  of  earthquake  design  which  would  have  juat  net  the 
ssrthviaks  dsnand  y,  Cj^(y}»   A  typical  lacrssse  in  cost  of  earthquake  reeletaaee  as  a 
function  of  capacity  y^  Is  shown  in  Flgurs  2,    The  over-design  psaalty  cost      is  tiius 
the  "extra"  capacity  which  is  designed  Into  the  structure  and  which.  In  retrospect  after 
having  observed  a  seisaic  denaod  value  y»  is  not  us^.        is  obviously  defined  only 
whan  the  obeervatlon  y  of  T  la  sy^. 

the  penal^  oost  functions  presented  here  nsy  easily  be  Interpreted  se  dollar  eosts 
aasoelated  wltii  repairing  and  designing  a  specific  structure*   the  failure  penalty  func- 
tion may  also  be  interpreted  as  the  cost  of  life  loss  or  loss  of  service  of  some  facility; 
the  ovexdeslgn  psnalty  function  nay  be  considered  the  cost  of  non-develoFBent  of  soae 
area  of  potantlel  aoll  failure,  or  the  coat  of  needleas  condsmatlon  and  rasing  of  build- 
ings.  Cepacia  y^  night  he  chosen  by  optinlution  to  nintolae  e  total  cost  function 
(not  the  penalty  funetloBe).   Ihe  optlnn  design  could  iaply  sons  structural  repair  or 
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casualty  cost 


utght  ba  aUovad  to  crack  In  a  building  during  tba  daslgn  aartbquaka  danand);  In  tbla 
eaaa  the  penalty  functions  represent  increases  In  costs  for  cases  In  which  y>y^  or  y<y^> 

The  expected  penalty  for  a  given  design  capacity  y^  can  be  calculated  as  tha  ovw- 
design  cost  (a  function  of  y)  tines  the  distribution  function  of  Y  given  y<y^>  Integrated 
over  all  ▼alues,  plus  the  failure  coat  (alao  a  fonetloa  of  y)  tlaea  the  distribution 
function  of  Y  glvsn  y^y^i  Ineegrated  over  all  values*  Mathswatlcally> 


Ihls  axpsctsd  penalty  can  be  Interpreted  aa  the  average  penalty  for  a  group  of  atmc- 

tures  (with  the  sane  cost  penalty  functions)  subjected  to  vhat  la  oatsnslbly  the  sane 
earthquake  risk,  or  as  the  expected  penalty  for  a  single  structure.    The  advantage  with 
working  with  penalty  functions  (over  expected  cost  functions)  Is  that  they  derive 
entirely  from  our  lack  of  perfect  knowledge  of  tba  proeesaas  governing  earthqualca 
oeeuTreaee*  gcevnd  noelen  genevaeloa  and  eranaodaaton,  and  atructural  reaponae.  If 
there  were  no  uncertainties  In  any  of  these,  processes,  we  would  simply  predict  the 
design  earthquake,  calculate  y,  design  the  structure  (preauoably  for  minimum  cost)* 
and  incur  no  penalty.   Since  there  ere  uncertalntlee,  we  can  calculate  (through  equa- 
tion (1))  the  assodatod  costs*  and  can  estlnate  how  these  coets  deeresse  wltii  reduced 
uncertainty  (better  theories)  about  physical  phenowtna. 


A  simple  hypothetical  problem  has  been  chosen  to  Illustrate  several  points.  A 
building  site  is  threatened  by  an  earthquake  source  located  25  km  aw^y;  the  source 
produces  earthquakes  in  tbm  sMgaitude  range  5-7 .5»  with  a  Rlchter  b  value  of  0*88,  at 
an  average  rate  of  one  per  year.   Ground  acceleretlon  y  is  chosen  ss  the  intensity 
■essure  of  interest  (it  is  aasoBsd  for  simplicity  that  y  is  a  good  estlDator  of 


(1) 


Sinple  Bxaaple 
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building  4aMga  and  Is  •  good  ■•aauM  to  aattouitft  daaigB  eoeta).   Hit  attmiutloii  aqtu- 

tlon  used  Is  In  y"6.16+.65M-1.3  ln(R+25),  where  M  Is  magnitude  and  R  la  source-to-site 
distance  (25  km  In  thlc  exaaple).    Tbia  attenuation  equation^  la  typical  of  moat  for 
the  raage  In  vlileh  there  Is  plentiful  data;  dlaperslon  of  obeecved  values  about  the 
r«gr«Mlon  aatiaatat  Indleatac  tbat  tite  staAdard  daivlatlon  of  In  y  la  0..51>  lAlch  i»  a 
typical  dlepereion  for  California  acceleiration  data.   A  lognoroal  dlatrlbutloa  of  y  la 
VMtdf  corresponding  to  conclusions  reached  by  many  reaearchera. 
Ihe  failure  coat  penalty  funetlott  choaea  ia 

fo  ysy^ 

K  y^^d 

vhlch  correaponda  to  the  slaiple  altuation  that  the  coat  of  replaccnent  la  Incurrad  if 
the  deoisn  Inteoalty  la  escoeded.    (Mb  Inereeae  la  raplaeaneat  coat  with  aalanla  deaign 
level  la  aaaunad  In  thla  ainpla  analysla*)   For  the  over-dealgn  peoalqr*  the  folloHlag 
function  la  uaad; 


Cs(y,y.)-  «    "  "  (3) 

Thia  correaponda  to  a  linear  inereeae  in  deaign  coat  vlth  y^.    The  total  axpactad 
penalty  is  calculated  using  equation  (1). 

Iha  penalty  aaaeclatod  with  current  technology  (no  earthquake  prediction  maflioda 
avail^la*  typical  diaparalon  In  ground  notion  Intaoal^  oatlnatloa)  will  b«  cateulatad 
and  ulll  be  eonpsMid  vlth  the  (reduced)  penalties  aasoelated  with  Tsrloua  advaneea  In 
prediction  technology  and  in  ground  notion  estimation.    It  is  assumed  that,  with  pre- 
sent technology,  designing  the  building  under  consideration  to  survive  earthquake 
notions  during  Its  llf etlne  vlUi  90-parcent  rellabllltyp  l«e. ,  F^(y^)-0.9«  reaulta  In 
■Intiwi  total  coat*  The  cholea  of  design  notion  aaaualng  advances  in  prediction  tech^ 
nology  and/or  ground  notion  aatlaatlon  la  slao  nade  uaing  a  wlninuii  cost  criterion.  A 
risk  of  aone  size  is  inherent  in  any  choice  of  design  intensity,  either  explicitly  or 
Inqtllcitly,  end  will  remain  until  all  uncertalntlea  In  earthquake  prediction,  ground 
notion  esrlnwtlffnt  and  building  rsspoass  ostlaatlon  ars  elinlnatad  or  at  Isaat  bounded* 


*^it.  K.  HeOttlret  '*Selaiilc  Btroctural  leaponoe  Rlsifc  Analyala»  Incorporating  Fnnh  Raapoaaa 

Regressions  on  Earthquake  Magnitude  and  Mstsnea***  M*I.T.  Dept,  of  Clvll  Eng.*  Reoaarch 

Report  R74-51,  371  (August  1974). 
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Dlstribtttioiia  of  Groimd  HoClon 

Figure  3  Bbom  the  dlstribation  of  Inteoelty  y  durtog  Out  atruetute'e  llfetlae 

using  the  aesuttptlona  and  properties  presented  above,  and  ualng  a  typical  state-of-Che- 
art  risk  analysis^.    From  the  Poisson  distribution  there  Is  a  probability  of  0.37  Chat 
no  earthquake  oeeura  at  all*  resulting  In  the  apike  o£  height  0.37  at  y-0.  According 
to  Che  lO-pereent  rlak  deaign  role  aaauaed.  the  value  ehoaen  for      la  22-perc«nt  g* 

The  peael^  essoclated  with  this  procedure  cea  stralght-f  orwerdly  be  eeleulated 
via  equation  (1),  using  Figure  3  for  (^(y).    Performing  this  calculation  gives  a  penalty 
of  13.8040.1        the  first  term  due  to  over-design  (because  no  earthquake  occurs  or 
because  the  earthquake(s)  vhleh  occurs  produces  en  latensl^  '-Tj)  ""^       second  teem 
due  to  possible  failure.   The  assunption  that  this  a  ■inl«im  cost  design  asens  that 
a"4).0125  C^>  and  this  relationship  la  used  for  subsequent  cases. 

Let  us  hypothesize  first  that  a  perfect  positive  earthquake  prediction  capability 
la  anrailabla.  I.e.,  that  precursors  have  been  Identified  which  are  sufficient  to  pre- 
dict all  earthqualws  during  a  structure's  lifetlaei  but  uliich  ere  not  kaovn  to  be  neces- 
sary, so  that  the  aba«tnce  of  earthquakes  cannot  be  predicted.   This  is  an  optlalstle 
goal  for  an  earthquake  prediction  program  to  adhleve  in  5  to  10  years;  we  would  be 
happy  if  precursors  can  be  identified  which  will  allow  reliable  predictions  of  the  size, 
location,  and  tine  of  the  neatt  event  on  a  aection  of  fault.    Those  faults  uhlch  do  not 
eidiiblt  the  precursory  behavior  would  be  suspected  of  being  aseis»lc  (during  the  lif  e^ 
tine  of  a  structure)  but,  until  aore  detailed  investigations  and  dete  gathering,  no 
specific  aselsmlc  prediction  would  be  made.    The  distribution  of  ground  notion  from  the 
predicted  event  depends  upon  Its  size;  distributions  of  y  for  three  events  (magnitude  5, 
6,  end  7)  are  ifaown  in  Figure  4.   The  niniMoi  cost  crlterioa  Is  used,  and  It  is  asauaed 
aleo  that  only  one  event  Is  predicted  during  the  structure's  llfetlse.   The  eaipected 
penalty  for  eadi  deelgn  depends  on  tiie  nagnltode  of  the  predicted  event  (it  inereeeee 
with  magnitude)  and  this  penalty  can  be  calculated  with  equation  (1).    To  determine  an 
expected  penalty  for  a  single  structure  before  the  earthquake  la  predicted  (or  equi- 
▼alently  to  calculate  the  average  penalty  for  a  large  nnaber  of  structures  to  be  affected 

"^R.  K.  McGulre,  "Fortran  Computer  Prograa  for  Seismic  Bisk  Analysis,"  D.S.  G«ologleal 
Survey  Opea-FlU  Report  76-67.  90  a976). 
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hy  «  rang*  of  pv«dlet«d  aagaieaidM)  «•  om  tha  MqpeiiMtlal  —galtudo  dlstrlbutlen  and 
integrate  over  all  values  between  M-S  dad  tl-'7.5.    Performing  this  calculiiLlun  givt^  an 
toBfecttd  ov«C'-d«si4pi  penalty »  for  casaa  iA  idilch  aarthquakaa  can  ba  predicted,  o£  11.1 
a.   Iha  aapactad  fallnra  penalty*  calculated  by  walgihtlaB  according  to  tlio  exponential 
■agBlCuda  dletriboeiont  la  0*077  G^,   Ualas  the  ralatlouAlp  beOMan  a  and  deaevAed 
above,  the  total  xpected  penalty  is  80  percent  of  that  for  the  risk  analysis  case.  It 
oust  be  concluded  that  the  expected  cost  penalties  associated  with  long-term  aarthi|uaka 
daalgn  and  plaanias  dacialona  will  not  be  radiiead  ttMtly  by  «  poaltiva  aaraqaaka  pre- 
diction capabili^. 

If  a  perfect  peeltlva  imd  nagativa  prediction  capability  la  available  (i.a.»  «• 

can  predict  earthquakes  aau  no  cat thquakes) ,  the  expected  penalties  are  reduced  because 

tliara  are  no  penal tlee  (and  no  oosta)  for  structurea  idildi  will  not  be  ahaken.  Aaaua- 
ing  (fxoB  tba  Folaaon  dlatcibutlon  deaeribed  above)  that  Ola  bappana  37  pereant  of  tba 
tiaa,  the  peaaltiaa  aaaoelated  with  a  poaitlve  prediction  capablU^  are  reduced  37 
percent,  to  SO  percent  of  the  penalty  calculated  for  riak  analysis.   We  are  thus  faead 

with  the  interesting  conclusion  thatt  given  present  uncertainties  in  ground  notion 
eatiaatiott,  nore  benefits  in  loaf-tmrm  plaanlqg  deciaiona  will  be  raaliaed  in  an  aarth- 
qoaka  pradletion  prograa  by  idaatifyiag  fanlta  and  araaa  where  aarthtuafcea  will  net 
occur,  ratiier  than  lAara  they  will  occur. 

To  deteimine  the  effect  ou  cost  penalties  of  advances  in  gtouad  motion  es ti-ication, 

the  tbree  casaa  above  (no  earthquake  prediction  capability*  pocltlve  capability*  posi- 
tive and  natativa  aapabili^)  were  repeated  aaeoaing  flrat  tiiat  oneertainlgr  la  ground 
■otloQ  la  radttcad  by  ooa^half  (tf  of  In  yH>.2S)*  and  aaooad  tiiat  It  la  reduced  to  garo. 
The  coat  penaltlea  were  calculated  in  a  aanner  identicel  to  that  deecrihed  above. 
Table  1  suninririzes  the  expected  penalties  under  various  hypothesized  advances  In  pre- 
diction technology  and/or  ground  notion  aetinataa,  aa  parcentagea  of  tha  expected  penr 
alty  under  praoeat  technology  (flrat  row*  flrat  oolnaa).   nable  2  Indleataa  a  alallar 
coaparlaen  for  tha  total  expected  eoat  for  each  eaaa*  *«i'»«'i«t*'*  aa  tha  daalgn  coat 
pitta  the  fellure  coat  timee  tha  probability  of  failure*  l.a*«  V^jX^-^Y^^i^^'  inte- 
grated over  the  various  possibilities  where  applicable. 

It  can  ba  aean  from  the  flrat  colunn  of  labia  1  (or  2)  that  (aa  dlacuaaad  above) 

tha  redoetion  in  aipected  penalty  la  anall  when  going  fron  preeent  technology  to  a 
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positive  pradlctlon  cmpsbUlty,  prlnarily  tecaoM  of  tho  iMXgfi  iiaeortalJity  In  ground 
notion  given  the  pradlctlon.    Similarly,  reading  across  the  first  row  of  Table  1  (or 
2)  tlw  roduetlon  la  aaveetad  pnalty  due  to  rednelng  uooerteln^  In  ground  antlon  !• 
Mall*  prlaarily  bocaxiae  of  the  la^ge  uneertalaty  in  earthqualBB  alae,  lacatiOB»  aad 
tine  of  oeeorrence.   It  la  only  idien  adwaneeo  In  both  eartiMiualw  prediction  and  ground 
QQtiuii  e^cioaLlun  are  made,  that  aubscantial  reductions  In  expected  penalties  and  total 
costs  are  achieved. 


It  is  slioim  hy  thla  slaple  afenfy  that  advances  mat  be  aade  in  botb  eartiiqaake  ■ 
pradietlon  eapaMlityi  aad  in  ground  notion  and  atroetural  reaponae  eatination  teeb^ 

nology,  for  the  costs  associated  with  long-tern  design  and  planning  decisions  to  be 
significantly  reduced.    Large  reductions  in  these  costs  will  not  be  achieved  by  an 
eartb^uabe  prediction  capability  alone »  nor  vill  tiny  be  acblsnrad  aolely  by  nore  ad- 
vanced tfaaorlaa  to  eatlnate  ground  notion  and  atraetural  reaponae.   Thia  la  the  caae 
whether  one  enandnea  the  aaipeeted  ooet  peaeltlea  due  to  unewtalntlea  in  eatlnating 
structural  responses  during  future  earthquakes,  or  whether  total  expected  design  and 
failure  coata  are  uaed  aa  the  criterion  for  conparlsen.   Design  and  planning  eoata 
will  be  reduced  aoMMhat  by  a  perfect  positive  prediction  capability  (neaniag  that 
aarthqMike  precursors  have  been  identified  nhicb  are  sufficient  but  not  naeeaaary  for 
prediction  purposes);  nore  cost  reduction  will  occur  lAen  e  perfect  poaltive  and  tuga- 
tive  prediction  capability  is  available  (meaning  that  faults  can  be  identified  which 
can  be  aasuned  to  be  aaelsmlc  in  the  future,  for  planning  and  design  purpoaea) . 


Conelualona 
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Expected  Cost  Penalties  as  Percent  of  Pressst 
Penalty  due  to  Uncertainties  In  Earthquake 
Oeeurrciiee  mid  la  Qttmai  Itotlon 


GEOuod  Motion  UDcsctalnty 
PraMmt  1/2  of  tttmmA        lb  1toe«rt«lnty 
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*Analysl8  only  for  sltaa  vhore  avanta  ara  pradletad* 


labia  II 

Total  Bapeeted  Coata  aa  Percaot  of  Praaant 
Coat  of  Barthquaka  Daai<n  and  Pallure 
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^Analysis  only  for  sites  where  events  are  predicted. 
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FIG.   I-  FAILUKE  COST  PENALTY  AS  FUNCIlOU  OF  EARTHQUAKE  DEMAND. 
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PIG.  2-  KSiat  COST  AS  FtmCTZaH  OP  CAPACITY. 
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RESEARCH  AND  nr^^LCPf^JIT  OF  PEPMft>rET?T 
OCEAN-BOTTOM  SEISMOGRAPH  OBStKVAIiON  SYSTEM 
OFF  THE  PACIFIC  COAST  TO  CENTRAL  HONSHU,  JAPAN 
AJtlra  Suwa,  Mead,  Seismology  &  Volcanology  Division 
norio  UmAmm,  Chlttf  #  tmt  UfaoKaftocy  of  tiM  SlviaSan 
imtanto  linuM*  Chief  t  3cd  Lilmratory  of  tli»  Division 
NttttoxologleBl  MMirdi  iMtitnit* 
J«p«n  iiat«ocoli09ie«Jl  agucy 

ABSTRi^ 

Blffhty  to  niiMty  paroent  of  all  ttm  aarthquakaa  in  the  wmrld  oeeur  in  th*  sm  araa. 
aoMvar,  thava  la  not  •  aingla  paEMnent  ooaan-bott«B  aalaaogcagph  yati  thla  la  tha  waakast 
point  In  aololo  aetivi^  Monitoring  and  aarthizaaka  peadiction.    fha  Hal  annlnqy  and 
Vi»leaaology  Divisim  of  tha  Mtaorologioal  Reaaaxch  Inatituta  haa  been  engaged  in  the  daval- 

opnent  of  a  permanent  ocean-bottom  seismograph  ^observation  system  off  the  Pacific  coast  of 
Tolcai  District,  central  Honshu,  which  is  one  of  the  major  items  included  in  the  3rd  Five-Year 
Plan  of  the  National  Progreiin  of  Earthquake  Prediction  Research  in  Japan  (1974-1978)  . 

The  observation  system  being  developed  consists  of  the  combination  of  submarine  and 
land  equipnent.    The  subnuirine  equipment  consists  of  one  terminal  apparatus  and  several 
Inteinafllate  apparatus,  i.e.,  preaaura  vaaaala  nwrt-aintng  aalanogr^  and  tnaaanlHiaLMf 
aanaora,  and  aigaal  tranMlttarar  vhicti  are  ooanaetad  in  attlaa  hf  a  aiitearlna  oo-anial 
oaibla.  this  aqalcnnt  is  laid  one  huadcad  and  taanty  kllaaatnrs  off  onsaaakl,  ahlsaoka 
vsafaetura,  at  the  ooaan-bottoB  don  to  3,00lhi  baloH  sea  level.   On  tiia  other  hand,  tiia 
land  eqnlpawnt  ceoalsta  of  reeeiving  and  repoatlng  apparatus  in  the  tfbeee  station  (caiaasakt 
Wiatiiar  Station) »  and  xecelving  and  data  pcooeaaing  mparatus  nt  tha  BaxthqiBaika  and  Tsonanl 
Center  (Japan  Neteocologloal  Agency  la  Mgro) . 

This  development  project  has  been  progressively  igqplenented .    Trial  layings  of  the 
— 1— — i —  eqMlfaent  have  been  carried  out  already  and  actual  liq^lng*  *>^e  planned  in  1978. 

uXHCWMi   Cableaf  datvelogMnt  of  aitaarina  aqalcaantr  aarO^piBka  pradlotioni  oooanHMttoai 


m-30 


Digitized  by  Googk 


NMOR  UII8  Ot  HBZS  OBSIRffiMIOII  SYSIBM  DBVBLOMBMT 

Two-thirds  o£  the  globe's  surface  is  covered  with  sea  water,  and  accordingly,  80  to  90% 
of  All  the  earthquakes  take  place  in  the  sea  area. 

Ten  to  fifteen  percent  of  the  world's  earthqu^es  occur  in  and  near  the  Japan  Archipel^ 
ago.    tad  the  Jmpaa  Meteogologlcel  Agency  ie  reeponsilils  for  peinnnenf  MOnitpring  of  lerge* 
moOmtutm,  moA  —11  Mrthquafcas  (N  ^  3)  «l>idi  oooor  in  this  acva.    It  la  oattMtad  that  tbm 
anater  of  thase  oarthgiudcM  Is  aBpcoaliiBtaly  10,000  par  ywur*   ttonovar,  it  la  alao  aatlnatad 
tlMt  tlia  nurilMfe  of  Bicnco-  and  ultra  ■laxo-aartfuQuakaa  Oi  <  3)  in  tMa  area  ia  aore  than 
lOtOOOtOOO  par  year,   fba  obaarvation  of  thaaa  aaxthquakaa  la  algnifioant  tax  raalialng 
aartbqMdca  pcadlotion,  tiimigh  thagr  have  no  dixoct  infloanea  on  our  daily  Ufa. 

Host  of  these  numerous  earthquakes  have  their  hypocenters  under  the  sea  bottom  near  tha 
Japan  Archipelago.    Remarkably,  all  the  recorded  great  earthquakes  with  a  magnitude  of 
M  >  8,  which  can?ied  huge  dasiages,  occurred  in  the  sea  bottom  off  the  Pacific  coast  between  the 
coastline  and  the  Japan  Trench,  Nankai  Trough  and  ao  on,  with  the  single  exception  of  the  Nobi 
Earthquake  in  1891. 

Mhil  the  Japan  Metaorologioal  Agency  ia  always  carrying  out  pannanent  observations  at 
130  loeatloaa  ok  aora  togathar  with  a  rnalbar  of  univaral^  laboratoriaa  edndnctlag  thaiz 
loeal  ebaarvatlcNU,  tha  eoneasnad  aalaaographs  ara  all  land  baaad  onaa  and  not  a  alagla 
piaea  of  parBanaat  Ofaaarvatioa  aqiaijpmant  ia  loeatad  at  tha  aaa  hettoa, 

Oonaoqinantlr  it  has  not  haoa  dateraliiad  axaetly  how  ■any  and  In  which  azaao  wivor  aartb- 
q^akaa  oeonr  ia  tha  aaa  faottoa.   Moraovar,  avan  Cor  aajor  aar<aiq^aka  oeeorxanoaa,  oonerata  and 
paaeiaa  data  on  the  locatioo  of  tiia  apioaatar,  tiia  dapth  of  tha  hgfpooaatwr  and  tha  aagaitnda 
haws  not  been  available. 

This  means  a  lack  of  monitoring  devices  for  seismic  activities  in  the  sea  bottom, 
producing  serious  obstacles  in  processing  tsunami  warnings  and  earthquake  informations, 
as  well  as  realizing  earthquake  prediction  and  forecast.    The  monitor ing  devices  are  indis- 
pensable for  disaster  prevention. 

inidar  soidk  oironatanoaa,  tha  Japan  Wataorologioal  Agancy  ia  going  to  laplawant  a  pro- 
gran  for  tha  iBBMdiata  asplioatlon  of  land  obaarvatlon  data  owfeinad  with  parwanant  aaa 
faottoB  tiboanratlon  data  «hlch  are  obtainad  br  aelanognpha  eemaetad  In  aarlas  at  tiia  aaa 
bottoai  doND  to  thooaaada  of  notars,  tha  daapaat  part,  wndor  tiia  aaa  lawal,  off  Sanrika 
Olatrlet,  Sagwi  My  to  tha  Booo  Panloaola,  Mkai  Oiatriet,  and  ShllBoktt,  all  of  whidh  ara 
tha  locations  with  fraqoent  aarthquake  occurrences. 

The  developaient  of  the  on-line  and  real-time  system  of  permanent  ocean-bottom 
seismograph  observation  off  the  Pacific  coast  of  central  Honshu,  Japan,  is  presently 
being  ia(>lemented  by  the  Meteorological  Research  Institute  as  one  of  the  major  items 
included  in  the  3rd  Five-Year  Plan  of  the  National  Program  of  Earthquaka  Fradiction 
Raaaaxch  In  Japan  (1974-1978) .   Iha  ayatM  ia  traoafarrad  to  roatiaa  obaarvaUon  hy  tha 
Japan  MstaOBOlogieal  Aganey  after  ocaqplatlon  of  tiia  Plan. 

iba  aaa  araa,  off  tha  Paoifle  ooaat  of  oantxal  Hooaha,  waa  aalaotad  haoanaa  it  was 
aromd  thia  araa  wliara  groat  aavthviahaa  of  tha  NB.5  olaaa  ooeurvad  at  laaat  four  tlaaa 
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in  history  with  intervals  of  145  to  402  years.     123  years  have  already  passed  sinc«  th« 
last  occurrence  of  such  a  great  earthquake  and  there  is  a  seismicity  gap,  as  shown  in 
Figure  1,  even  when  small  earthquakes  axe  taken  into  consideration.     Such  b«ing  the  com, 
the  Coordinating  Conmittee  for  EarthqiuUce  Prediction  of  Japan  also  specifically  designated 
tiokal  Dlatxlet  of  eantral  Vonaha.,  m  an  "Atm  of  Xntmaifiaa  tibMratlona." 

StnOarins  tho  data  from  a  large  aavthviaka  that  oeourrad  In  1854p  tha  laat  case  tilMarvad 
In  tha  paat  in  thla  araar  It  la  wall  anticlfatod  thatf  If  audi  a  larga-aoala  aartbquaka  takea 
plaoa  again*  not  only  Vokad  Diatriot  wiU.  aof far  veiy  aarioua  daaaigaa  but  aloo  Tokfo, 
xanaaaMa*  KobOf  ate.         ha  aub^aotad  to  daaagaa  aa  wall. 

Jklthooflh  tbn  axlatanoa  of  a  aalaniotty  gaip  doaa  not  in  Itaalf  rafleot  tha  ianinant  aign 
of  a  large  scale  eeurthquake,  we  cannot  deny  the  existence  of  the  ominous  silence  usually 
observed  before  a  stonn.    In  this  respect,  furttiAr  changa  in  aaiaaic  activity  within  this 
sea  area  requires  a  special  attention. 

Furthermore,  a  large  budget  is  required  for  the  development  of  this  system,  and  even 
with  such  a  budget  and  the  most  up-to-date  sophisticated  technology,  there  still  remains 
variooa  rlska.    Fortunately,  the  d^th  of  the  water  in, this  area  is  not  so  deep  aa  the  other 
throe  areaa. 

the  aathora  together  with  aidatem  MateunotOf  aanlor  reaaareher*  and  other  ataff 
aiaid»era»  Taaoo  Hagayainaf  Mcio  Sakayaaagi,  Miohle  takahaehi  and  Teahiadtaa  Saokaho^ii,  hanre 
been  BBklng  every  effort  to  earzy  out  tha  reaeartih  and  devlorawnt  of  thia  aystan  a«  tb» 
Baaaaxdh  fiiviaion.   llowuivar>  raaeareh  and  devalapa«it  aetivltiaa  are  not  being  oaKxlad  out 

solely  by  the  Meteorological  Agency.    Nippon  Telegraph  and  Telephone  Public  Oocporatlon*  the 
Faculty  of  Science  and  the  Earthquake  Research  Institute  of  Tokyo  University,  and  the 

H'Hrography  Department  of  the  Maritisie  Safety  Agency  have  extended  special  cooperation. 
As  to  thd  production  of  equipment  the  Nippon  Electric  Conqpany*  Ltd.,  and  related  con^ianies 
have  been  engaged  in  this  project. 

The  observation  of  ocean-bottom  earthquakes  using  the  submarine  cable  system  has  only 
been  atteiqpted  once  in  the  past  by  the  U.S.A.,  and  this  system  was  less  complicated  than 
that  %diioh  ia  now  being  devaloped  by  tha  aathora.  at  al.    In  196S,  tdie  LaBOBt-Dahor^ 
Geological  Obaervatory  of  Coluabla  onlvaral^  Inatallad  a  cable  in  the  Pacific  ocean 
appcoxiaately  ISOkB  (100  nautical  milea)  off  Soint  Jtrenat  California^  to  a  depth  of  nearly 
4»0OCai  and  e^iifaMit  such  aa  aalaaogrqlia  ware  attached  only  at  the  tip  of  tJie  oabla. 

Staff  ■aabara  inoluding  tbm  authora  ware  auooaaaivaly  diapatohad  to  tbm  abova  cbaerva;- 
tory  In  order  to  acquire  knowledge  of  their  valuable  taohniques  and  ajqperienoaa. 

However,  the  Lamont -Doherty  Geological  Obaervatory  was  forced  to  give  up  their  reaaarch 
after  only  several  years  of  study  mainly  due  to  frequent  trouble,  which  resulted  from 
wire  breaks  in  the  cable  and  slight  water  leakage  in  the  pressure  vessel,  caused  by  geograph- 
ical and  geological  features. 

The  series  type  systeai  now  being  developed  by  tha  Mataerologioal  Raaaaroh  Inatltuta 
of  tha  Jm  ia  nore  intricate,  tharafwe,  preclaa  atudiaa  on  tha  geographical  and  geologloal 
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f Mtursa  of  tlM  SM  faottoB  «ra  raquixad  in  oedar  to  aelAct  th«  b««t  roata  for  tha  oabla 
laying*  laying  work  must  be  carriad  Out  with  axtra  eantion  baoaoaa  aoditlcations  after 

the  oooplatiOD  and  xaplacanant  of  taoken  oavooanta  asa  alAoat  iapoaaibia  vitii  thia  kind  of 
ayatem. 

The  system  is  composed  of  a  submarine  system  which  is  installed  at  a  depth  of  nsazly 
3,000n\  in  the  sea  approximately  one  hundred  and  twenty  kilometers  off  the  coast  of 
Onaezaki,  Tokai  District,  and  a  iai.u  system.    The  submarine  system  consists  o£  one  terminal 
•pparatua  and  aavoral  Inteznediate  apparatua  of  hi^  raliability,  i.e. ,  pressure  vessels 
oontalning  «Blaaogr«pih  and  tannanl-mtar  aanaora*  and  algnal  trananittora/  idildi  ara  oonnaetad 
In  aariaa  by  tha  oo-axial  aubnarlna  oabla.   Tha  land  ayatan  oonalata  of  tha  xacaiving  and 
««!P«atln9  «E>par«tna  in  tba  ahore  atatton  (Oawaaakl  1toath«r  Station) ,  and  of  tiia  raealving 
and  data  pvooaaaSng  apparataa  nt  tba  Barthquakia  and  TvmamL  Cantar  CApan  Nataorological 
hganoy  in  mq^) . 

Figure  2  indicates  tha  above  stent ionad  qratan.   xha  atdaariaa  transmitting  system  is  an 

application  of  the  transinltting  techniques  of  the  ocean-bottom  oo-axial  cable  used  for  the 
most  recently  developed  long-range  submarine  telephone  and  telegram  lines.     In  other  words, 
of  the  two  types  of  real-time  and  on-line  transmitting  systems,  one  is  multi-cable  systems  in 
which  components  are  divided  into  several  channels  and  electric  po%«er  is  transmitted  through 
a  different  channel,  and  the  other  ia  the  co-axial  cable  system  in  idilch  all  ooqponenta 
are  ccrtainad  in  one  ehannal  tiueough  which  alaetrie  poMar  la  alao  trananittad.  tha  co-axial 
cable  ayataa  haa  bean  taeHojftA  for  oar  obeervatlon  ayatem.   All  ooagonenta  of  tha  obaarva- 
tion  aqpilvaant  inatalled  nt  the  tip  ctf  the  oabla  and  at  InteaMdiate  pointa  tranaait  algnala 
aaing  tha  ocaan-botton  co-axlal  oabla  by  way  of  an  nt-fON  mrmtm*   An  alactrlo  currant 
ia  fad  by  vay  of  a  oonatant  current  feeding  ayatem  in  idil^  oleotrlc  cursenta  nm  throng  the 
center  conductor  of  the  oo-axlal  cAbLa*  and  are  raleaaad  Into  tb»  aea  water  from  tin  terminal 
equipment  attached  to  the  ocean-'botton  earth  and  then  eent  badc  to  tin  ooaatal  atation 
through  shore  earth. 

We  have  developed  large  size  pressure-resistance  containers  for  the  terminal  equtptnent 
(inner  diameter  300in;  inner  length  820t7i)  ,  as  a  large  variety  of  sensors  needs  to  be  incor- 
porated.   Hotraver,  the  largest  of  the  pressure-resistant  containers  (inner  diameter  204mi 
inner  length  700bb)  currently  being  uaed  for  ocean-bottom  relaying  equipment  will  be 
employed  for  IntenNdiate  apparatus.   Thia  will  enable  cable  ahipa  available  in  J«pan  to 
carry  out  the  laying  work.   The  preaanre  veaaela  axe  inooKporated  with  3  directional 
riiort-period  (aelamograph)  aaoaora  on  ginbala  (natural  frequency  4.SHa) «  an  eqaaliaing 
amplifier,  aignal  tranamittery  etc.   The  tenilnal  eqvipient  will  alao  be  egnlpped  with  a 
medium-period  selamograpb  and  pinger  vhldi  la  uaed  for  meaauring  tiie  actual  laying  peaition  of 
the  equipment  at  the  ocean-bottcni. 

A  tsunami-weter  is  installed  in  order  to  contribute  directly  to  the  improvement  of 
tsunami  warning  activities  which  are  essential  for  the  prevention  of  natural  disasters. 
Sensors  will  be  installed  at  the  sea  bottom  to  measure  the  change  in  hydraulic  pressure 
and  thereby  detect  teunaml,   A  guarts  pvaaavxe  txanadooer  of  tha  aanaoc  whioh  ia  uaed  for 
thia  qr«t«m  (mannfaetnzed  by  the  Bewlett-Faekard  Co.,  the  U.S.A.)  recorda  changea  In 
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txmqamcg  n/han  them  is  a  preasoze  change.   This  tsunaaiHieter  seiwor  is  eoverttd  with  oil 
filled  nifali»  to  IttMilata  it  from,  hriam. 

Thft  advantage  of  using  this  taunand-nater  haa  been  oonf  ixnad  through  evaluation  of  its 
diaracteristies  In  a  pEvssare  chnhtact  tbenKistatlc  ehanbert  etc. »  and  also  by  oontlnuous 
test  obaarvationa  in  the  aaa  for  five  nontha  at  the  narina  olwarvatory  towar  of  the 
Heteorologlcal  Baaearch  Institute  off  the  ooaat  of  Ito  Citjr,  Shiauoka  Firefoetara*  Although 
this  tsunami-meter  is  a  total  pressure  type  whidi  detects  the  overall  pressure  from  the  sea 
surface  to  the  bottom,  its  resolvability  is  approximately  1  an  even  at  a  depth  of  3,000m, 
and  has  the  comprehensive  characteristic  of  being  iible  to  release  sufficiently  strong  signals* 
COBiparod  to  other  surrounding  noise,  when  a  10cm  change  in  terms  of  water  depth  OCCUrS* 
Furthermore,  observation  errors  o£  a  10m  high  tsunami  cure  10cm  or  less. 

The  prerequisites  for  the  apparatus  to  be  used  fbr  this  submarine  system,  both  sensors 
and  tranaadttersr  axa  that  they  be  highly  efficient,  relijUe<  and  safe,  and  in  addition, 
Mctranely  cooipaot. 

RESEARCH  KKD  UBVBLOPMBMT  PROGRESS 

lha  research  and  develuii— ut  of  this  pemanant  obaarvation  ayatn  for  autaarina  aalsnic 
observation  have  been  siafcing  steady  progress  in  accordance  with  the  annual  program  as  shoNn 
in  Table  1.    Zn  1974*  the  initial  year  of  the  progran,  the  system  design  of  the  total  system 
including  XHm  land  part  was  coodactsd*  and  as  an  integral  part  of  this,  various  tests  using 
a  breadboard  model  were  also  carried  out.   Then,  hardware  waa  developed  on  the  basis  oi  the 
system  design,  and  various  tests  have  been  conducted  on  the  characteristics  of  these 

developed  products  and  evaluated. 

No  damage  should  be  incurred  cm  any  at  the  submarine  system  equipment  while  loading  it 
on  the  cable  ship  or  during  the  construction  work.     A  route  which  meets  the  geographical 
and  geological  requirements  must  be  carefully  determined  prior  to  the  conBtruction  work. 
Geographical  and  geological  oooditions  must  have  little  possibility  of  sea-botton  land- 
slides and  wire  breaker  and  a  aaall  gradient,  and  alao  they  nuat  be  as  flat  as  possible  to 
avoid  a  cable  bridge,    it  is  eaepeially  Jaiportant  that  the  intermediate  fwparatus  are  not 
left  hanging  in  the  water  as  a  result  of  the  geographical  and  geological  feabirea  of  the 
sea-bottom.   Also,  one  end  of  t3ie  cable  of  this  submarine  ^stsn  Is  placed  a  few  thousand 
meters  at  the  deip  sea^bottom,  whereas  in  ths  case  of  a  submarine  cable  fbr  taleghone 
and  telegm,  both  ends  are  at  the  two  coastal  stations. 

The  above-mentioned  points  make  it  necessary  to  first  conduct  elaborate  studies  on  the 
geographical  and  geological  features  of  the  sea  area  to  be  used.     Since  the  work  also  involves 
construction  of  heavy  terminal  equipment  (the  weight  in  water  is  approximately  1  ton  includ- 
ing the  cage) ,  special  methods  will  have  to  be  employed  in  order  to  accomplish  the  work 
successfully,  and  trial  layings  of  the  terminal  equipment  are  indispensable. 

In  view  of  the  abova-msntioned  conditions,  a  bathymetrio  chart  and  a  submarine 
structural  chart  of  the  sea  bottom  to  be  used,  idiieh  are  the  results  of  a  detailed  survey 
conducted  in  1974  by  the  Hydrography  Department  of  the  Maritime  Safe^  Agency,  were  made 
available  by  the  same  Deportanant  to  the  Meteorological  Research  Institute j  and  four  proposed 
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xoata*  for  mil—rliiii  oablt  iaattllatlon  wen  dttvaijiad  an  the  buls  of  siiah  obaarts  md 
tb«  lafttlqpnttrie  r^eord  of  tit*        macvtv,  and  alao  by  UUog  into  caaaiduation  tim 
QipiiiiaDa  of  tlia  axperts  In  tiia  HydEogzaphy  DapaxtMot  aad  tiha  Hlfvon  Valagr^pb  and  Tel»- 
phecM  Publle  Oneporatlon. 

Furthemom*  in  ^7$  and  1976#  tba  Meteorological  Research  Institute  oaoHlsalonad  tJie 
Corporation  to  carry  out  research  on  geographical  and  geological  features  concerning  sea- 
bottom  of  the  proposed  routes,  and  had  a  private  land  survey  company  perform  surveys  of 
the  sea  bottom  along  the  coastal  area  south  of  the  Omapzaki  Weather  Station.    The  Corporation 
was  also  coinnu.ssj.oned  to  iniplement  trial  operations  aixoing  at  establishing  a  laying  system 
Of  the  aaa  bettoH  tawiinal  aqpitgwant. 

Tlia  Oozpocatlon  oarrlad  oat  botton  aaipltng  and  aounding  along  all  tha  pzppoaad 
rotttaa  on  board  tha  Kiiroahio-ltartt  (3*344.9  tona)*  tho  neMaat  oabla  ahlp*  eati laying  a 
Milti-bMB  bnthy«at«r  (utaloh  is  oapatal*  of  niaoltaaaooa  aoandiag  aad  inclination  naamraMnt 
in  «  trensvaraa  diraetion  to  tha  oooraa) *  tha  MMSS  (0.8.  Navy  Mtrmtion  SatalUta  Systaai)* 
and  a  conpatariaad  autenatlc  control  nystHi.   As  a  rMoltt  anong  tha  four  propoaad  rovtaa 
which  run  from  HtS  to  SSH  along  the  sone  batMoan  tba  Soruga  KCOOgh  to  tha  ManJcal  Txoatfh 
and  the  submarine  canyon  off  the  Tenryu  River,  the  central  route  was  determinad  to  aaet 
tha  necessary  geographical  and  geological  conditions,  while  others  did  not. 

The  Corporation,  in  1976,  carried  out  a  trial  layino  and  refloating  of  the  terminal 
and  intermediate  equipment  by  use  of  a  dumny  systes  on  board  the  Kuroshlo-Maru.  The 
laying  of  the  sea-bottom  system  Is  planned  to  start  from  the  terminal.    The  terminal  will 
ba  lomrod  to  tba  raa^bottoai  fzaai  tha  bow  of  tha  oabla  ahip«  and  than  tha  laying  of  tha 
intamadlata  aquifaMMit  will  taka  plaoa  f ran  tha  atom  by  oparationa  in  tha  ahip.  ftm 
loaarlng  of  ti»  tazninal  will  ba  parfteaaA  by  adapting  tha  ae-caUad  singla  wimfaanglng 
pxooaaa  wbl^  tlea  tha  heavy  taxnisal  agnivnant  aad  tha  coaan-botton  aarth  with  ifOOta 
long  oabla  (  aepron.  50(hi  in  tiw  trial)  to  tha  aigaal  tranaadttlng  oo-axial  eabla.  nowavar* 
alnce  tha  camvantional  typa  non-araorad  oo-axial  oabla  haa  •  7-ton  tanaila  atrangtb  and 
therefore  presented  large  risks,  a  high  tension  non-armored  co-2uclal  cable  (15-ton  tenaila 
strength)  was  newly  developed  and  used.    This  new  cable  endured  %rall  at  tha  naxlmo  tanaila 
atxength,  i.e.,  9  tons,  at  the  time  of  refloating. 

In  this  co-axial  cable  of  the  sea  bottom  system,  a  section  of  approximately  40)an 
which  was  to  be  laid  in  the  shallow  sea-bottom  (down  to  approximately  SOOm)  adopts  a 
Single  or  double  annorad  oo-axial  cable  in  order  to  avoid  tar^  trouble  in  relation  to  tha 
oiparatien  of  dragaat  f iahing.   In  thm  vary  ahallew  aaa-bottn  (down  to  SOki)  along  tha  aaa 
■tnra*  varioua  kinds  of  troubla  tend  to  oocor  doa  to  wava  action  and  tidal  currants.  Staara- 
fan,  tho  4Bi*le  aziiond  oo-axial  oabla  goardad  by  a  ataal.  profeaotor  is  adopted  and  Airthar- 

oo-aocial  caUc  in  Japan  is  tha  Ooaan  Cable  Cocopany. 

ttM  research  and  development  project  of  this  permanent  sea-bottom  earthquake  observa- 
tion systew  has  been  steadily  progressing  with  the  support  of  the  earnest  people  concerned. 
While  numerous  difficulties  have  been  encountered  and  overcome,  there  still  remains  a  lot  of 
problems  to  be  analyzed  and  solved  in  the  coming  days.    The  practical  laying  of  the  submarine 
systen  is  planned  to  be  Ijqplenentad  in  aunne*-  or  fall  of  1978,  and  preparations  are  now  being 
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Figure  1.   Distribution  of  Epicenter 0  of  Shallow  Earthquakes  off 
tho  Tokai  District  (1926-72)  and  A«  Psrmanent 
OcosB-Bottom  SsismogTaph  Obsorvation  Systc 
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Figure  5- 1 .     T  •unami-meter  8«B«er 


QPT :  Quartz  Preeaure  traedurer 
T  C  .'  Thermal  compensator 

Figar«  5-2.     Tsunami-meter  Block  Diagram 
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Figure  6.    Short-Period  Seismometer  Sensor 


Figure  7.    Transmitter  of  the  Terminal  Apparatus 
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Figure  8    Overall  Test  of  a  Breadboard  Model  of  the  Submarine  System 


Figure  9    Test  of  Tsunami -meter  in  the  Sea  (20m  deep) 
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Figure  10    Trial  Layings  of  the  Terminal  Apparatus 
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VBxncAL  DisntiBusnMi  OP  HUB  sbiskic 

8-WVK  VBUCmSS  M  TBB  SXTB  OT  HKB  ZHRmiKI  UBBP 
BOBBHOM  OBeBRVKSOnf  Ot  CBU8IBL  ACTIVmBB 
Punio  YaauBBixn  and  Hixotfhl  TohftlwiTh* 
Mhtlooal  RMMTcih  cmtKc  for  DiMStar  Pr«v«ntioa 
■aritoahi  Gotoh,  Yutalca  Ohta  and  Ksiji  Shiono 
Hokkaido  Onlvvrslty 

ABBTBim 

fxen  th0  earthqmkB  engtnaarlnis  poliit  of  view*  In-situ  voloelty  ■Basug— ant  of  tt» 
■olsnic  S-DKVO  ms  eazxlad  out  dom  to  •  depth  of  3500  Mtars  at  the  alto  of  the  Imtaoki 
Da«!p  Borahela  Qlba«icvatec7  oanatxuctad  fey  the  Matieoal  Baaearoh  cantar  tot  Ptaaatat  Fm- 
vantlen* 

S-waves  %rare  produced  mainly  by  ordinary  snail  clMOiical  axplosions  in  a  shallow  bora- 
hole  and  supplementarily  by  an  SH-wave  generator  (an  S  gun)   firmly  pressed  on  the  groiind 
surface.    A  set  of  three-component  ssisraoaieters  of  moving-coil  type  with  natural  frequency 
of  4.5  Hb  was  installed  in  a  capsule  which  could  be  fixed  at  any  depth  in  the  borehole. 
Repeated  measurements  were  made  at  16  different  depths  from  the  surface  to  the  bottom. 
Vha  8-vBWB  hr  the  8  gon  ma  eHmaxly  zaaavdad  doMi  to  the  daptii  of  1500  m.  Uantif  loation 
of  tha  8-aava  onaat  on  the  raoecd  of  the  ai^lealan  a«a  imaiyactedly  oaajr*  avan  to*  daftba 
daapar  than  1500  ii»  haeauaa  vary  good  phaaa  oocxaapoodanoa  batwaan  tiia  9  phaaa  Cbbbi  tha  B 
gun  and  tha  8  phaaa  fxoa  tha  aq^loaiaa  aaa  obtaiaad.    Tharaftear  tha  reading  of  tiia  B^iaive 
onaat  ma  noat  xaliahla. 

lha  aatiaated  8-«ava  veloelty  atruotore  aaa  0.44,  0.76«  1.3,  1.6  and  2.6  lo^aao  wllb 
the  boundary  depths  of  300,  1000,  2000  and  2800  m,  reapactlvaly,  from  the  surface  to  the 
bottom  of  the  borehole.     The  boundary  at  2000-m  depth  was  uncertain  unlike  the  other  threa 
boundaries.    This  boundary  may  not  exist,  or  the  velocity  may  change  gradually  with  depth. 

The  P-wave  velocity  structure  was  estimated  at  the  sane  time,  and  the  velocity  values 
were  1.6,  2.1,  2.9  and  4.7  km/sec  with  the  boundaries  very  close  to  those  of  S-wave 
▼aloei^.   But  tto  2000-*  dspth  boundary  waa  not  found. 

XSnRMIDSa    Deep  borehole;  earthquaha»  in-altu  ^lool^  awaaoraMnti  S-^vaf  vartloal  dta- 
tritoutlon  of  aaiamle  wava. 
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NLtb  tillie  recent  increase  of  large  size  structures,  it  has  becone  essential  that  the 
response  characteristics  related  to  the  sub-surface  structure  at  depth,  probably  several 
kilometers  deep,   should  be  evalucited)  in  nthf^r  words,  the  existence  of  a  thick  sedimentary 
layer  is  indispensable  for  the  earthquake  resistance  o£  high  and/or  long  structures  (Sels. 
S:fpl.  Groi^p  of  Japan,  1976). 

M  «  £ix8t  Bt^  to  nndarstaaa  tto*  xespons«  characteristics  of  a  thick,  de«p  aedi* 
MBtarf  layaTf  tha  valaoit?  of  Snavaa  was  dlxaetly  aaasurad  in-altu  dam  to  tha  daptii  of 
3S00  netara*  at  tAia  Iwatsokl  Daep  Bmrehola  Qbaarvatoty  of  oniatal  Aotivitiaa  oonatruotad 
by  the  Watiooal  Kaaaarch  Center  for  DAaaater  Prevention.   Since  there  has  bean  no  direct 
BuKve  weaawriept  nada  fox  the  dvtha  over  aaveral  hundred  Mtera*  tiie  presant  ■aasuranant 
over  3500  n  deiptii  was  the  firnt  trial  is  Japan,  probAbly  even  in  Hbm  mrld.   riratly,  tha 
detection  and  identification  of  S-wftves  are  iphaalaed  and  then  the  ffenaral  trend  of  their 
velocities  is  properly  evaluated. 

To  produce  S-waves,  we  used  small  chemical  explosions  in  a  shallow  borehole  and  we 
also  used  a  specially  designed  SH-wave  generator,  called  an  S  gun.    The  SH-wave  predomi- 
nantly generated  by  the  S  gun  (Jolly  1956,  Komaki  19S9,  Shiiaa  and  Ohta  1967)  was  recorded 
oleeurly  down  to  the  depth  of  1500  m.    Through  the  coaqparison  of  reoorda  fron  the  ejiploaion 
and  tha  S  gun,  it  waa  poaaihla  to  extract  S-wave  eharaetaristioa  oontainad  in  the  record 
fron  the  a^^loaion.    Xhereforer  the  S-«ave  idatttifioation  at  daptli  fay  aiifple  detenationa 
haa  hecoa»  unejtpeetedly  eaay  and  ^  reading  of  the  6-«ave  cnaet  ia  reliable. 

OBSERVATION 

The  Iwataidci  De^p  Borehole  Obeervatory  of  Cntatal  Aetivitiea  fronta  on  the  Noto- 
AralcBiie  Kiver*  iwatsohi-cityf  8Bitani>hanp  Jipm*   Vour  wbot  holea  were  drilled  on  thia 
riverbed  about  100  awtera  eoutheaet  fro*  the  cbaarvatioo  wellt  and  the  S  gun  was  flrely 
preaaed  on  tiie  eurfaee  of  the  um  bed  kbout  50  a  eaat  fr«ai  the  well. 

A  set  of  InetnaMmta  «nw  well  deelgBad  n&tJk  the  purpose  of  efficient  task  of  the 

observation  and  easy  operation  not  to  miss  recordings.     The  block  diagram  of  the  observa- 
tion system  is  shown  in  Fig.  2.     The  apparent  dynamic  range  of  this  recording  system  is 
over  70  db,  including  the  effect  of  the  analog  voltage  divider.     All  seistiuameters  used 
were  of  the  moving-coil  type,  with  natural  frequency  o£  4.5  Hz  for  the  underground  use, 
and  1.0  Ba  for  Vbm  aorfaee  nee.    h  set  of  eeimvtere  on  the  anrfaea  una  alao  operated  in 
order  to  detemdiie  the  attMniatlon  of  8-wava  energy  by  oonparing  the  reoorda  at  varying 
d«!pttia  and  at  tbm  sorfaoe* 

The  neaaoranent  «aa  aeqnentlaUy  carried  out  at  tiia  followiag  16  daptha,  100,  200, 
300,  SOO,  750,  1000,  1500.  2000,  2500,  3000,  3482,  3249,  2745.3,  2245,  1750  and  1250 
■etera. 
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The  analysis  proceeded  along  a  line  in  which  the  priority  was  given  to  detection  and 
identification  of  S-waves,  and  then  the  general  trend  of  S-wave  velocities  were  evaluated. 
This  was  also  inevitably  required  because  the  interval  between  depths  of  measurement  was 
xathar  rough,  namely  100  or  2S0  a. 

In  th»  datemnlmtlon  of  tho  S-mwo  voloolty  0tciiotur<  on  tho  bkols  of  the  obtainad 
travel-tine  dlagxwif  uojf  other  date  oeaeernlng  the  obeervatlon  well  (for  exanple#  the 
aoniCf  tiie  denai'^  logging)  ifere  not  taken  into  <»count.   All  efforts  were  ooneentrated  on 
determining  the  objective  S-wave  etruetnre  fron  the  tzatvel-tlM  only.   After  that*  all  the 
data  were  oonipared  witii  each  other,  and  the  hannony  betweMn  then  wee  eaanined. 

PROCESSING  OF  RECORDS 

Along  the  line  atated  ahevef  at  flrat,  the  reoerd  frn  the  8  gun  which  pzedoninantly 
I^odnoed  the  SH-mve  ma  pxoceaaed  (Fig*  3) .    T^aoea  ahowi  In  Fig.  3  were  reaynthealaed  by 

the  analog  signal  converter  shown  in  Fig.  4.    Since  the  hociaontal  direction  of  the 
seismometers  in  the  borehole  was  not  known,  this  converter  was  used,  so  that  the  expected 
SH-wave  could  be  emphasized.     The  result  was  very  clear  especially  for  the  trace  of  1500m 
depth.     This  converter  was  also  applied  to  records  of  the  explosion,  but  the  result  was 
not  improved.    Probably,  the  reason  was  that  the  explosion  produced  both  SH-  and  sv-waves. 
Accordingly,  the  S/H  ratio  «na  l^raved  priwarily  by  various  digital  filtering.  Filtered 
traoea  are  shown  in  Fig.  5* 

Ocnqparlng  Fig.  3  with  Fig.  5,  relatively  long-period  wavw  gzo^pa  are  dearly  reeogniawd 
on  the  record  of  the  ei^losion  at  the  tlae  of  uppearanoe  of  the  SB-wsve  on  the  record  of  8 
gun.  itae  reoorda  in  Fig.  5  war*  made  by  varlooa  filterings »  so  that  this  relatively  long- 
period  wave  gmv  could  he  Mgphaaiaed,  faeeauae  theae  wave  grovqpe  are  taken  aa  8-«av«a. 
The  solid  circle  in  the  figure  ahewa  the  S-wtve  cnaet.   Only  the  onaet  at  3250  n  Is  less 

objective . 

Next,  the  trace  of  the  vertical  seismometer  is  drawn  up  {Fig.  6)  so  as  to  determine 
the  P-wave  velocity  structure.     There  are  almost  three  wave  groups:     the  first  wave  group 
is  the  precursor  with  small  asplitudes,  appearing  at  the  depths  as  deep  as  2500  m,  the 
second  is  the  trtie  P-wave  group,  and  the  third  group  following  the  F  waves  has  large 
anplitndas.    Judging  fzon  a  rough  estination  of  their  velocitiea,  tlwy  correspond  to  the 
dilatatlonal  wave  propagating  through  the  ea— ated  aone  around  the  cbaeryation  well 
protected  by  tb»  wall  and  through  the  water  filled  In  the  well.    Bspecially/  fron  the  fact 
that  in  the  larga-Mplitude  wave  gxoiv  thoee  reflected  by  the  well  botton  are  recognised, 
it  is  obvious  that  the  third  wave  grot^  has  propagatsd  in  ths  well  water. 

TRAVEL-TIHE  DXAGSAM  AND  VELOCITY  STROCTURE 

She  onsets  of  8  and  F  waves  were  read  with  the  preciaioo  of  1/100  sec.  After  that, 
the  travel-tine  was  corrected,  as  if  the  source  ware  just  above  tlie  well  at  the  surface. 
In  the  correction,  detailed  velocities  of  s  and  P  waves  nsar  the  surface  were  used  and 
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thsM  ware  tbe  ZMolts  of  tba  P#  S  vsloeitr  Xoggisfs  aa  deep  as  the  dqpth  of  120  MtarBt 
ifhieh  WBTO  carried  oat  et  an  area  oloaa  to  tlie  obouvatocy. 

In  Fig.  7«  the  oorreotad  traval-tiaaa  ware  plotted  and  atralglit  llnaa  ware  draan 
throuigfh  the  plota.   All  tJia  peinta  toBOtgit  om  or  tao  are  oo  tlia  Mrmm,  and  fnrthaEBDcia, 
•van  those  eaoaptlonal  pointa  are  anaqr  txom  the  liaea  bf  ealy  3/100  aaa.  ibmxmtoaf, 
atraight  lines  seemed  to  be  very  reasonable. 

From  this  travel-ttoe  diagram,  we  can  directly  determine  the  velocity  structures  of  S 
and  P  waves.     It  is  summarised  in  Fig.  6  together  with  the  structure  near  the  surface. 
The  S-wave  velocity  structure  consists  of  four  layers,  and  the  velocity  structure  consists 
of  three  layers  to  the  deep  basement,  excepting  the  vicinity  of  the  surface.    The  boundaries 
at  tba  daptli  of  300*  1000  and  2000  n  oolnolde  witii  aaoh  ottiar  In  both  Uie  8-  and  P-«ave 
atnietttrea.   the  only  diacrapaacy  ooeura  in  the  boondaxy  at  2000  a.   Since  tba  ratio  of  S 
velocity  at  thia  boundary  ia  l.Vl*fi^0.8«  it  ie  not  aignlf leant.   On  the  other  hand#  the 
travel-tine  of  that  interval  aeaM  to  be  increaaing  gradnally  with  inereaae  in  the  depths 
and  so  it  ia  alao  poaaible  that  the  two  layara  are  taken  aa  one  airaga  layer.  Accordingly* 
both  the  atrootorea  of  8  and  P  wavaa  are  in  good  agraMaant  with  aaoh  oVbax, 

COMPARISOH  WITH  OTHER  DATA 

Other  data  eanoamlaitr  the  niatatikl  Deep  BoraholOf  that  ia*  the  aonle  nave  (P  wave) , 

the  density  and  the  electrical  loggings  and  the  geologic  columnar  section^  ate.  had  bean 

(TeUcahashi  and  Hamada,  1975) .    The  sonic  logging  was  basically  a  continuooa 
measurement.    Although  the  variation  of  velocity  was  very  complex  and  scattering,  the 
general  tendency  of  the  sonic  logging  and  the  absolute  values  are  in  good  agreement  with 
the  present  estiaiated  structure.     Two  discontinuities  at  depths  of  1000  and  2800  tn  are 
clearly  seen  in  the  sonxc  logging,  and  also  obvious  in  the  columnar  section,  corresponding 
to  the  boundary  of  Pleiatoeatta-MSoeaBa  aad  M&ocana-Pratartiary,  respaetivaly.    m  the 
aonic  logging*  velccitiea  are  alnoat  conatant  or  alightly  Increaaing  between  1000  and 
3800  n  daptha  enoept  nail  acattaringa  near  a  depth  of  1200       lhay  alao  agree  with  Uie 
ceaulta  Aawn  in  Fig.  8.   Soeb  general  tandenqr  is  eleo  ahown  in  the  daoaity  aad  alaetrioal 
loggiaga. 

Accordingly,  the  reaultant  S-  and  P-mva  velocity  structure  are  reaaonable  and  in 
baznoay  with  all  the  other  data  of  the  ctaaarvatlon  iiall. 

OONCSVBSOli 

Measurements  of  velocities  of  s  and  P  wavea  ware  carried  out  down  to  a  depth  of  3500n 
at  the  Iwatsuki  Deep  Borehole  Observatory.     The  results  are  sunmarized  in  Fig.  6.  And 
they  are  in  good  hBryriony  with  all  other  data  of  observation  well.     Except  at  the  ground 
surface,  the  s-weiv*;  velocity  structure  consists  of  four  layers,  and  the  velocity  structure 
of  P  wave  three  layers.    If  vre  regard  the  intermediate  depth  layers  as  a  mirage  layer,  the 
boundariaB  £ooc  6  and  F  wavea  are  eooalatent  i«tth  aaeh  ottunr. 

She  8  gun  playa  aa  lavertant  xo&e  for  detection  of  an  8  wave  oentained  in  the  ala^le 
detonation*  and  ao  tiia  reading  of  8-«ava  cneet  baa  haoona  mora  rellabla  and  amirate. 
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This  is  one  of  the  good  harvests  of  the  present  measurement,  and  also  suggests  a  technical 
Mthod  of  tha  d«v  8  wvm  in-situ  vttlooity  Maaurenent  for  the  future  research. 

In  flonolttslon*  the  aqperiMMit  wia  oaxrlod  out  undar  tha  ooaparatioD  of  fiva  groivs, 
VBCae,  BoUEaldo  Univ.,  Velkoku  Oil  Co.,  JOcaahi  Solaakadio  Go.  vtA  Ulazomid  Oonaultant  of 
Gaologioal  Survey  Go.   we  want  to  eaqpvaaa  our  gratitude  to  tiie  eclentiat  and  teehaioiaaa 
lAio  partioipatad  in  this  miqftaeiMmat,  e^paoially  to  ifr.  Sokoki  at  mCDP  who  partly  eondiietad 
tha  aJverlnaDt*    Alao  we  wnild  Uka  to  eipraaa  our  ainoara  tiumka  to  Sr.  BMwda  «ho  um  a 
ONHlbar  of  tha  planniiig  taaa  «t  the  aarly  stage  of  thia  anvaclaant  and  kindly  road  the 
■annaeript  naking  valuable  auggaations  and  aneouragaawnta* 
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SHOT  HOLES 

Fig.  1   ArrangoMnt  of  tbe  observation  well,  ohot-taoles  and  th«  8H-wav«  gamuator. 


DATA  REC. 

^       AMP  O'^'DE''  '-Pf  (R-70A) 


Fig.  2   Block  diagram  of  the  observation  systw. 
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5H-WAVE  GENERATOR 
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TRAVEL  TIMt  (••c  ) 

Fig.  3   Resyntheflized  x«oords  of  ttae  SO-^wsvm  <|M]«r«tor. 
Solid  olrelM  ■how  ths  onsat  of  8  mvM. 
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Fl^a  5    Records  of  the  horizontal  component  seisnometer  with 

the  suitablA  filtering.  Solid  circles  show  the  detected 
oaamt  of  S  wiv«* 
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Fig.  7   Travel- tine  diagxan  of  S  and  P  wav«s 
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Fig.  8    Velocity  structure  of  S  and  p  waves. 
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miawmrii  en  ncnvB  nun/is  xk  tub  NRMMLmH  Aim 
ToflhllilzD  KddMlf  Geological  Siirv«fy  of  Japan 

ABSXKACT 

Iba  praoant  atato  of  reaaardi  on  aetiva  faulta  in  tha  ■atcopelitan  axaa  la  dlaeuaaad. 
Tha  papar  daacrlhaa  tha  dlaoovagy  of  two  aotlva  faultar  tlia  ffachUuniR  Fault  and  tba  Arakam 
Fault,  In  ths  Xante  plain,   nia  pipav  alao  polsta  out  tiiat  at  praaant  thara  ia  no  daf Initiva 
Mtbed(a)  to  dataot  aotlva  fanlta  oovwcad  fcgr  thldc  aadiawfit*   Xba  gaophyaleal  aatteda 

coomonly  oqployed  in  underground  reeaardh  uock  praaant  problems  when  tha  Mthods  are  used 
for  raaaaroh  on  actlva  fanlta  in  urban  araaa*   OaoolMnieal  aathoda  abould  ba  oonsidarad. 

uvwjMue*   Dataotion  of  aetiva  fanltai  aazthquaka  pradlctionf  raaaarcAi  on  aetiva  fault 
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INTRODOCTIOM 


It  la  wall  knoim  that  «  aoUan  aawaat  of  a  fault  rasulta  in  an  aarthqpiate.  Fault 
which  kad  aavad  Sa  faologlcaHy  raoaat  tlaa#  naaaly  fittBrtanaxy*  la  oonaldaxad  to  mavm  in 
tha  futnra.   Saoh  a  fault  la  eallad  aa  aotlira  fault  and  It  la  poaalhla  to  aatiaata  tiia 
aagaltada  and  tha  Man  raeurranca  tlaa  hf  knoKliig  Ita  langth  and  dlq^aoanant.  Basaareh 
on  aotlva  fault  are  ioportant  tor  aartbquaka  prediction  and  earthquake  hazard  nitigatlon. 
However,  active  faults  in  urban  areas  have  not  been  well  understood  yet  because  of  the  aaiqr 
difficulties  in  performing  research  on  active  faults.     Recently,   inpcrtance  of  counter- 
meastire  for  earthquake  hazards  in  urban  areas  is  emphasized,  and  research  on  active  faults 
under  metropolitan  areas  have  been  urged.    This  paper  describes  the  present  state  of  the 
research  on  active  faults  in  the  otetropolitan  axaa. 

BMOBgDRXB  OXBMfBR  HI  TUB  KBIIiaMiLIDUl  ARU 

Since  1603  whan  the  Shogunate  was  established  in  Edo«  the  metropolis  of  Japan  has 
baan  attnoatad  by  deatmetiva  aarthqoakafl  vmem  than  thlrlgr  tlaaaf  and  ttwa  of  Intanslty  6 
or  nocia  In  S¥A  acala  hava  baan  vaoocdad  alglit  tlnaa. 

Tha  aarthqnahaa  that  cauaad  sovara  danagea  to  the  natro^lia  can  ba  olasalf  led  Into 
two  oategodeaf  that  Isf  major  aarthquMkM  In  the  Sagani  Bay  and  daatzootiva  aarthgiiakea 
under  tiie  urban  azaa.   Mare  than  half  of  tbm  aarthquafcaa  that  attacfcad  Bdo  are  conaldared 
to  be  the  latter  type.    Heuadaya*  the  peaslbtll^  of  tha  oeeuxxmnea  of  a  majar  aacthquaka 
in  the  Sagami  Bay  in  the  near  future  la  oonaldarad  small  and  that  of  a  daatructive  earth'^ 
quake  in  the  inland  is  considered  not  so  small,  as  we  have  not  had  large  earthquakes  in 
the  metropolitan  area  since  the  Nishlsaitaroa  earthquake  occurred  in  1931.     The  mean  time 
Interval  of  destructive  earthquakes  in  this  area  is  nearly  30  years,  SO  the  Occurrence  of 
a  destructive  eiurthquake  xinder  Tokyo  is  very  apprehensive  today. 

Barthqiiahea  that  oanead  dangea  to  Sdo  or  vokyo  are  divided  into  two  gxoupa  f xom 
their  fooal  d«pth.   fhe  Anael  Bdo  aartlnunfce  of  1854  la  eatlnatad  (froa  tha  diatributiott 
of  dnagea)  to  be  a  ahallow  eerthtwdie  utaoee  focal  depth  was  30  ftn  or  leaar  and  the  Tokyo 
eartliqualte  of  IBM  la  conaldared  to  be  a  ralntlvely  deep  one.    m  the  aoutftem  xanto 
dlatrlctf  tlwre  Is  an  aetlve  aelanlo  aone  In  tha  depth  of  40  -  60  Mt  and  the  tchyo  earths 
qunha  of  1894  la  aatlaated  to  ba  In  idila  aana.   Though  ttm  likelihood  of  cceurrenoa  of 
a  relatively  deep  earthquake  is  larger  than  that  Of  &  ahallcv  earthquake^  tha  latter  nay 
give  more  severe  damages  to  the  Tokyo  area. 

The  distribution  of  destructive  earthqueikes  in  Kanto  appears  to  be  closely  related 
with  the  tectonic  line  extending  from  the  northwestern  part  of  the  Kanto  plain  to  the 
aoutheaatam  part.    So,  the  studies  of  the  tectonic  structure  are  important  for  the  evalua- 
tion of  aolaalc  haaazda  la  tha  netrqpoUe  of  Japan.    (Fig.  1) . 

OBOLOeiCU  aiWWUKB  MD  ACTXVB  FAOZOS  IB  TBB  KMIIO  PUUM 

■ha  geologioal  atructure  Of  aooth  ICmto  la  characterised  by  thick  sediment  of  Neogan 
and  Quartanary  and  alao  by  active  aelMld^  acne  of  50  •  fio  ttt  la  depth,   in  aneh  thiac 
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Mdiaant  »xmm,  It  mitflA  h%  poaaiM.*  to  avtiaat*  m.  Uomz  «tnwtiir«  of         roolWr  DMMly 
fault,  tram.  tlM  diaeontinuity  in  tlia  tiiiolaMM  of  Mdijwnt,  but  it  im  diff ieolt  to  know 
vlMtlMr  tha  fMat  had  manA  or  not  in  gaologleally  Meant  tlaa.    (rig«  2) 

Tha  known  or  estimated  active  faults  at  present  in  the  southern  Kanto  district  an 
shown  in  Fig.  3.    As  seen  In  the  figure,  the  faults  are  located  mainly  in  the  western  part 
of  the  plain/  and  their  striVps  are  prominent  in  the  direction  from  northwest  to  aoutheast. 

Some  active  foldings  are  estimated  to  be  in  the  central  and  eastern  part  of  the 
plain.    These  foldings  might  be  considered  a  faulting  in  deep  layer,  resulting  foldings  in 
ttM  vigipKc  layw:.   taong  tlw  actlva  faults  in  tha  mtrqpoXitan  area  tba  most  ioportant  onas 
on  tkM  hasaxd  nitigatlon  are  tba  Tacfhikama  fault  and  tha  ArakaiMa  fault. 

Tachikawa  Fault 

This  is  the  active  fault  running  from  Oome  city  to  Tachikawa  city  (west  of  Tokyo)  and 
its  length  is  estimated  to  he  20  Km  or  more.     It  was  very  recently  that  the  existence  of 
this  fault  became  definitive  from  the  interpretation  o£  air  photographs  and  field  investi- 
gations, and  this  poses  a  problem  for  land  use  in  this  area.    The  fault  pass  under  the 
fadiitowi  aU'di'iB—  of  Him  n*8.  nir  foroa  and  lAm  atrtic—  wiU.  ba  tomad  ovar  to  tha 
Japaaaaa  gevamaant  la  tiia  near  futura.    Its  aaaa  vartieal  divlaeanant  rata  la  aatiouttad 
to  ba  0.2  an^yaax*  raaultlng  in  tha  peaaant  total  dlaplao— ant  of  dbout  4  a  to  tha'Vaehi- 
kam  plain  ntbitit.  was  foraad  nearly  20.000  yaara  ago. 

Any  htatwrical  aasrtlMpiaka  or&gJnatad  fxon  tha  Taebifcam  fault  la  not  knoHn*  but  at 
laaat  one  earthquake  reaultad  froai  the  fault  within  tha  laat  10*000  yaars,  when  it  dis- 
placed a  sedimental  layer  formed  nearly  10,000  years  aga.    If  we  assume  that  the  displaoo* 
ment  of  the  fault  is  about  1  m  during  one  earthquake,  the  mean  recurrence  tine  of  the 
earthquakes  originated  from  the  fault  is  estimated  to  be  about  5,000  years. 

AraJawa  Fault 

ihia  fault  ia  eatiantad  fxoM  invaatigationa  of  taotonio  ■oronenta  of  lata  Qoartenary 
in  Vt»  Kanto  plain*   &  elaar  bonndazy  of  tectonic  blocks  haa  been  found  along  the  ArakMin 
River,  and  an  active  fault  should  be  considered  to  be  there  to  explain  the  discontinuity 
in  the  movements.    Although  Its  existence  is  not  confirmed  yet  by  field  investigations, 
the  fault  is  estimated  to  be  west  down  reverse  fault  of  B  class,  that  is,  mean  displace- 
ment rate  in  the  order  o£  0.1  -  0.2  mm/year. 

Recently  a  dear  g«p  of  about  400  ■  in  tha  depth  of  base  rock  was  found  at  the  north 
of  vokyo  by  tha  artificial  axploaloo  at  yuMooAlw  In  Vokyo  Bay.   Sana  raaaaxcdiara  sqppoaa 
that  thla  gap  la  a  part  of  the  Arakana  fault.   Oonaidaring  tha  aatlaatad  atrika  of  tha 
fault  and  tha  dlatributlcn  of  the  histerieal  earthquake,  tbn  Jtrakana  fault  night  ba  oo»- 
aidarad  aa  a  part  of  tin  nediw  line  in  the  Xanto  dlatrlet. 

tatct  location  and  length  of  tiia  Arakawa  fault  are  not  knoun*  but  it  is  the  nearest 
fault  to  the  central  part  of  idia  natropolia  of  Japant  there£ora#  veaeareh  of  the  Arakaua 
fault  is  greatly  needed. 
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RESEARCH  OF  ACTIVE  FAULTS  IN  THE  METROPOLITAN  AREA 


Iha  first  syntbMiB  reBwrdh  of  actln  Caolts  in  tlw  —trcpolltn  axw  ham  bam 
oonductod  bar  tbo  Ooonlttee  for  Maaster  Prevention  of  Tokjro.   Tha  ooonlttaa  aatpliaalaaJ  tha 

inportance  of  aotlva  faults  on  tlia  hazeurd  mitigation,  and  compiled  a  nap  of  active  faulta 
and  foldings.    Hotrever,  present  information  about  active  faults  in  the  southern  Kanta 
plain  is  not  sufficient  because  of  many  difficulties  encountered  in  the  research. 

Recently,  a  research  project  on  active  faults  under  sedinental  layer  has  been  initiated 
under  the  promotion  by  the  Science  and  Technology  Agency  of  Japan.    The  project  is  aimed 
to  sKplera  a  amt  way  of  Invaatlgating  aotlva  faults  oownaraJ  by  thlOk  sadlaant  by  salng 
aany  kiJida  of  gaoiptqraloal  aatJaods.   AltlMnigh  thaaa  9ao]^lif8leal  aathoda  ara  oaanaoly  usad 
for  gaopligfsieal  pro^aetlags  of  nndarfroand  atmotnra  aona  pxohlaaa  raaaln«b«ii  tbay  axs 
usad  foe  tha  raasarob  on  aotlva  faults  undsr  young  sadiaant*    It  is  Important  to  bnov  tha 
anonnt  of  dlsplaonaitt  in  tha  young  sadimant  dua  to  faulting*  but  plvaioal  pgopar^  of  tha 
young  aadiaant  is  audi  affactad  by  tha  amount  of  Includad  «at«r,  than  it  is  diffieult  to 
datsot  the  displacement  from  the  difference  of  the  physical  property  of  the  sediment,  lha 
present  project  is  to  search  effective  ways  to  apply  these  geophysical  methods  for  tha 
studies  of  active  faults  under  thick  sediments  with  the  cooperation  by  governmental 
institutes  related  to  the  research  for  earthquake  prediction. 

The  following  is  a  short  summary  of  the  present  resaarcb* 

Gravity  gurvay 

Avaal  distribution  of  gxnvltgr  anoMrlas  zsflsets  the  gaologicBl  struetuss  <tf  the 

underground,  so  it  is  possible  to  kitow  the  depth  of  base  rock  and  its  fetll-off  by  sur- 
veying the  gravity  values  minutely.     Therefore,  the  Geographical  Survey  Institute  is  now 
doing  gravity  surveys  with  the  alloting  of  one  point  at  every  1  Km  in  the  metropolitan 
area.    Fig.  4,  is  the  preliminary  result  of  the  survey.    The  figiire  is  made  by  filtering 
out  long  wave  coovonent  In  the  bouguer  anonaxy.    Aa  aeen  In  tha  figure,  a  linear  atrocture 
of  the  bougoer  anonary  axtenSiag  in  the  weet-eaat  direotion  is  rsBMUffcable  in  tha  aortham 
part  of  the  xaato  plain. 

AS  ■entionad  ^wriouslyi  tbs  strikes  of  ths  aotlva  fault  knosn  in  tha  southam  XSnto 
dlatrlet  ara  M^SB  dlraotioOf  so  ths  Una  like  anosHry  found  by  tha  gravis  aumy  i> 
noteworthy* 

Micro  Earthquakes 

In  weetem  Japan  uhwe  the  depth  of  base  rock  la  very  Shallow*  the  aotivi^  of  nlero 
earthquakes  has  a  olose  relation  wLtii  active  faulta*  that  is#  nuqr  niero  earttaqaakos  along 
aotlva  faults  are  obaacved.   SuOh  ptaanoaanay  however*  have  not  yet  bean  known  In  eastern 
Japan.   Recentlyf  a  linear  distrlbutim  of  wlczo  eartamaahae  of  diallow  depth  was  found  by 
ths  oktssrvations  of  vwy  high  sensitlvilgr  at  Isntidci  in  tha  area  uliaxe  an  aotlva  folding 
la  eatiaated,  and  tba  distribution  of  the  aiiero  earthquakes  is  wall  aooordant  with  thia 
active  folding. 
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At  pcwMDtt  «ny  wieco  aarthqnate  activity  is  not  kaam  •long  tb*  Vaehlkiniv  fault  and 
thtt  Arakam  faulty  but  tliara  i*  a  poasibility  tliat  Micro  Mtthquakaa  aigbt  ta  obmmmd 
thMW  nhan  tba  ebaiwvatian  nat  ia  iMll  aatablidiad. 

Elastic  Wave  Prospecting  • 

BlMtie  WKvaa  ara  affaetiva  —ins  to  prospaet  aadav^ssund  atsuotuBaar  box.  Hattm  asa 
pxablaaM  vlian  it  ia  «ppliad  for  tlia  raaaarch  on  acti««  fknlta  in  tJie  nKban  axaa,  tbat  ia. 
It  is  4if fiottlt  to  uaa  gvnpoMdar  aa  a  aourca  of  alastio  wava,  ao  it  is  naoaaaaxy  to  aaar^ 
for  aaotliiar  aource  osabla  In  tha  urban  axaa.   Jknotbar  problaB  ia  tbat  plqraiaai  prqparty  of 
ahallow  aartlwantal  layar  ia  nucb  af factad  by  Vbm  gvouod  natar  and  also  contrasts  batwaan 
tba  tadiwants  ara  vary  aaadl*    It  is*  therafore«  naoaaaary  to  davalop  n  now  raoaiving 
ayatan  of  high  resolving  poaer  and  the  way  of  data  analysis.    The  Geological  Survey  of 
Japan  is  now  developing  n  noir  qr'ten  of  alaatic  wava  aomding  Cor  aotiva  fault  undar 
aadlnantal  layar. 

glaetrioal  Method 

Tbis  ia  an  of faotive  way  to  research  aotiva  f anlta  froai  tba  diffarenoa  of  electric 
property  snob  as  resistivity  in  the  aediwental  layers*  but  there  are  away  artificial 
disturbaaiOM  in  tha  Maasuraawnts  of  the  reaistivity  in  urban  areas,  so  it  la  aeoeaaary  to 

allaiinate  artificial  noises  in  the  neasureMnt.    The  GeonaigBaitia  Qbaervatory  of  Kakioka  is 
now  sttidylng  a  method  to  search  an  active  fault  by  the  aeasuranont  Of  grouild  raaistivi^ 
and  othax  elaotric  propertias   o£  tha  ground. 

At  pceaant,  there  ie  no  definitive  netbod  to  detect  active  faulta  oovarad  fay  tliidc 
aadJjMnt.   The  geophysical  aHtheds  ara  naaf nl  mya  to  aaaraih  gxooid  atruotara  tJurough  tha 
aediaMttt,  but  tibay  have  difficult  peoUaMi  to  aelva  whan  thay  ara  applied  for  Uui  reeeradt 
on  active  faulta »  and  geochemical  methods  should  be  considered.    Aside  fron  theae  geo- 
physical and  chemical  methods,  qeological  drilling  and  topooraphical  research  have  to  be 
conducted  by  a  new  approach  for  the  research.     We  expect  much  progress  in  the  research  on 
active  faults,  as  well  as  in  earthquake  hazaurd  mitigation  in  the  netrcqpolitan  area,  by 
aynthesizing  the  studies  from  the  present  project. 
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Fig.  1  Destructive  earthquakes  and  estimated 
tectonic  line  in  tb*  netrepoitu  crca 


Fig.  2  Contour  lines  of  the  Imm  of 
Neogene  sediment 


"■•^Acil**  fealt 
w«reetimal«d  active  fmlt 
—  —  block  bovadary 


Name  Strike  Length 

1.  Tachkawa  N  45  W  20  Km 

2.  Fukaya  N  50  W  10  Km 

3.  Arakiwa  N50  W  ? 


Mean  Disp] 

Velocity 

0.2/1000 
0.2/1000 
0.1  0.2/1000 


Fig<  $  Active  faults  and  block  boundaries  in  the  Kanto  District 
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Fig.  4  Tacbikawa  fftult 
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A  0  -  Stall 
focal  depth  •0-30ta 

Fig.  6  Dittridution  «f  aiicro-Mrthqmlws  In  Kanto  Dtstrict. 
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CHMMCIBRISTICS  OF  VBKFICUi  GONPOMSNIS 
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MSSRIICT 


Characteristics  of  vertical  cc»npon&nts  of  the  574  strong-notion  accelerograms  were 
studied  in  order  to  determine  the  effects  of  vertical  ground  motions  on  dynamic  stability 
of  atmatuTM.    Vhs  follcnrliig  were  nada  olaax. 

1)  Reeoedlnf  to  aoealoregraaM  with  tha  aaxliiiwi  aecalaratlon  of  over  50  9ala  tha 
ratio  of  tbe  immfiwi  aooeleratlon  on  the  vertical  conponent  to  that  on  the  horliontal 
ooapooant  km  laaa  tiian  1/2. 

2)  Iha  ocourxanca  tlna  of  tha  WKinum  acoalaratlon  on  tha  horliontal  coaeonant  «aa 
diffarant  fton  that  on  iJia  vartloal  conqponent.    At  the  time  when  the  safety  factors 
against  sliding  and  overturning  were  the  smallest,  the  ratio  of  the  vertical  aooeleratlon 
to  the  horizontal  acceleration  was  less  than  1/3. 

3)  The  stability  analysis  of  the  gravity  type  quaywalls  based  on  a  current  design 
method  of  port  facilities  was  performed  considering  the  vertical  seismic  coefficient. 
Consequently,  the  vertical  seismic  coefficient  was  found  to  have  little  influence  on  the 
safety  factor  for  9mvlty  type  quaywalla* 

JUnewORUSi    Daalgny  horizontal  aeoalaratieni  aalsnic  cocf f iciMitai  atabill^i  attong-ttotion 


aocelaitogxeit)  atructuraaj  vertical  accalazatlon. 


IMTBOIXICTION 


A  gnuBd  Botloa  during  ra  Murthqiwlw  ooraists  of  a  vortical  coapoMnt  bOBldos  hori- 
aontal  OMpononta.   It  is  gsnsvslly  rooognissd  tiist  vortical  acoaloraticns  osoally  hsva 
sosllor  a^plituda  and  liighsr  fragamcgr  ocavonents  as  caqparad  with  horisontal  aoool«ratieiis» 

hence  the  vertical  acoslosationB  have  little  influence  on  stability  of  civil  engineering 

structures  and  buildings.     Hmtever,  it  is  pointed  out  from  the  case  studies  of  damage 
records  that  the  vertices,  notion  might  have  severs  Influence  on  the  stability  of  structures 
in  some  cases. 

According  to  the  present  nethods  of  earthquake  resistant  design,  the  vertical  motion 
is  eonsidsKod  as  a  vartieal  saivie  ooafficisot  in  sqm  casss*  and  in  othar  casss  it  Is 
not  eloarly  provldad  bat  indiraotly  Indndad  in  daalgn  conditions.   Bsoausa  of  lasuffielant 
data  on  the  vertical  notions  during  earthquakes*  tbt  effects  of  the  vertical  notion  in  tfas 
design  procedures  ace  not  bassd  on  enough  infonnatlon  en  anplitude  and  frequency  charao- 
twistioa  of  the  notion  but  are  decided  fron  a  aort  of  4pirioal  knoMLadga  on  dynanie 
cbaraetairlsties  and  atabili^  of  strnotoxos  as  a  nhole. 

In  order  to  collect  more  reliable  data  for  a  seisnic  design,  such  engineering  features 
of  vertical  motions  as  ajnplitude,  predominant  fro<iuency,  ratio  of  vertical  acceleration  to 
horizontal  ones  are  investigated  by  using  strong-motion  accelerograms.    Furthermore,  for 
the  purpose  of  clarifying  the  effects  of  vertical  motion  on  stability  of  structures, 
gravity  type  qua^-wails  t^ich  are  typical  type  among  harbour  structures  are  analyzed  by 
present  design  procedures  bssed  on  a  seisnic  coefficient  nettaod  (1) . 

Stroog-BDtion  aooelerogr—s  used  in  this  paper  am  dseam  tieem  "SMUial  w^ort  en 
gtrong-MDtioB  Kartliqiiabe  MeeoEds  in  J«|paasse  Ports*  (2)  pviilishsd  aawially  by  the  vort  and 
Harbour  KeaearOh  inatitutOf  Kinietry  of  Tnuti^ort  and  also  fron  "Strong-Motion  Earthquake 
neeords  fron  Pvblie  Works  in  Japan"  (3)  by  the  Ptiblic  metk  Research  Instituta,  Ninlstxy  of 
Construction.   Maxlnun  asplltude  of  accelaregraaa  used  herein  is  over  10  gals  In  either  of 
the  tm  horiaontal  cooponents.    Hie  294  records  during  May  1963  to  Deceid»er  1974  are 
selected  from  the  publications  by  PKPT  ?>n-l  the  2B0  records  during  January  1968  to  Oeceoiber 
197  3,  from  the  publications  by  PWRi.     Table  1  shows  the  number  of  records  in  each  maximum 
acceleration  range.     Additionally,  most  o£  these  v#ere  recorded  by  SMAC-B^  accelerograph, 
of  which  specifications  are  listed  in  Table  2.    Because  of  limited  time  for  analysis,  only 
25  records  published  already  by  PURZ  are  used  in  the  study  based  on  the  digitized  vertical 
oosponents.   ths  digitlssd  accelorograns  are  listed  in  Vabls  3. 

iMNMsnxaiaoK  on  auuncnRxsncs  cr  vbrxicu  nccBESBiurioH 

Ratio  of  Maximum  Vertical  Acceleration  to  Maxinun  Horisontal  itoceleratlon 

As  aiioiiin  in  Pig.  1  mavimwi  vartloal  acceleration  (A,__.)  la  oonpavsd  to  the  naKlwuw 

vmax 

horiaontal  accelerations  toe  all  574  recczds.    In  tills  figure  ratios  of  the  fccnar 

to  the  latter  <*umi/*iwm«^        '^'^  indtoated  by  straight  lines.   Fig.  2  shons  a  frequency 
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jUstrlbntion  of  tbm  ratios  ^^^aj/^Snax       ^  rooords  and  also  shows  tlie  frequency  in 
•ach  acoaloratlon  xanga.    Xn  thoaa  rooaBda  tha  3  raooirda  aliow  particularly  largo  ratloa* 
tbat  la«  1,30«  1.60  and  1.67.   Aoaasdlng  to  Pig.  1  tha  xatloa  A an  !••>  than 
1/2  for  taoat  vaoorda  of  which  iMMrtw>  herlaental  aecalarationa  axa  ovor  SO  gala.    In  thia 
case  tha  ■axiwi  borlmtal  aooalaratloii  BeaiiB  tha  lazgar  one  in  tha  two  horlaontal  oaaipon^ 
anta.   But  tha  caal  horlaontal  aooalaratlon  In  aaeh  inatant  mat  kia  tha  raaultant  of  thaaa 
eqagonanta»  and  tha  naxlBUB  raaultant  aeoalaratlon  in  tha  horlaontal  direction  la  alwaya 
larger  than  tha  Wttimunt  horizontal  aeoaleratlon  and  becones  2  tines  in  the  largest  case. 
Therefore,  the  ratio  A_   /\       becomes  smaller,  if  tha  waaiww  resultant  accaloratlon  la 

vmax  funax 

used  instead  of  the  nwixlimm  horizontal  acceleration. 

Pactega  Waving  InflqaBoa  Poon  Ratio  of  Maadwi  Vaictlcal  Jteoaloratlon  to  ttaxlaw>  Horlaontal 
i>iooalaration 

M  afaown  In  Pig.  1  tha  ratioa  widaly  ooattarad.    If  It  la  nada  olaaz 

what  factoTB  have  Influanoa  qpon  the  ratio*  it  nay  give  uaefol  Infonatlon  for  tha  earth- 
quake resistant  design.    Since  phenomena  of  ground  notion  during  earthquakes  are  very 
complicated,  mathematical  and  statistical  studies  are  desirzible  for  estimating  tbf-  fsrtora 
correctly.    Prior  to  such  approachi  the  influence  of  various  factors  including  laaxiinum 
horizontal  acceleration,  epicentral  distance,  inaanitude  of  earthquake,  subsoil  conditi<»i 
and  others  on  the  ratio  A ^^^j/^ygg^  ^®  prelijianarxily  xnvestigated  hereinafter. 

(1}    "■»*r**»  Horlaontal  Aooelaratlon 

In  Pig.  1  the  retloa  *,mni/*iwnnr       fairly  scattered  in  caaa  of  small  naxinum  hori- 
zontal accelerations  and  decraaae  to  alnoat  leaa  than  1/3  In  eaaa  of  large  waKtwum  horl* 

zontal  acceleration. 

(2)  Epicentral  Distance 

Pig.  3  shows  the  distributions  of  the  ratios  A       /ft         in  relation  to  the  epicentral 
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distance  for  all  records,  and  Fig.  4  also  shows  the  ratios  for  the  records  with  the  maximum 
horlaontal  aooeleratlon  of  over  50  gala.   Both  In  Pig.  3  and  Pig.  4  tha  ratioa  tend  to 
aoattac  and  ahov  no  definite  oocrelation  with  the  oploentral  dtatanoe.   Bttt«  for  extrmaly 
ahort  dlatance  the  ratioa  baoB—  ever  1*  and  thia  fact  oi^  ha  wortiiy  of  attention  for 

(3)  Hagnltoda  of  Barthgoaka 

In  Pig.  5  the  ratios  A^,.yh^^^  whloh  are  obtained  fkon  records  with  the  waxiiropi 
horlaontal  acceleration  of  over  50  gals  are  against  the  nsgnitnde  of  earthqiiakes .    It  is 
shown  in  Fig.  5  that  there  is  no  particular  feature  in  the  relatlonahip  between  the  ratio 
and  the  magnitude  of  earthquakes. 

(4)  Subsoil  Condition 

Jtecelerograna  whieb  were  oolleeted  by  the  Bort  and  Bufhoor  Baaearcdi  inatltHta  axe 
uaed  tot  Imreatlgation  on  aubaell  oondltSona.   ha  ataown  In  Wble  4  tbm  altea  of  tiia  obaar* 
vatioa  atationa  are  elaaaif  led  Into  ttarea  grovpe  which  were  already  reported  in  the  atudy 
on  the  average  responae  spectra  of  the  horlaontal  oo^ooanta  of  the  aceelazogrsBa  at  the 
altea  (4) .     Hie  relatlonahip  between  a^^^^  and  a^^^  in  eaoh  gxoqp  la  afaown  la  Flga.  6  to 
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8,  and  the  ratios  A yj^^^^^Ymg^         siinilarly  plotted  to  the  epicentral  distance.    But  there 
is  no  significant  difference  in  characteristics  among  these  groups. 
(5)    The  Others 

itakay«M  siH8  statioD  in  tlw  obNrvation  natarork  of  tli*  VB9J.  and  XlnokaMK-otuudii 

■tatioo  (Station  Mo.  112)  of  tho  niRI  obMrratlon  uatiiDrk  aro  only  1.4  fan  may  ttam. 

each  other  aaA  BocoaeJed  to  reoovd  the  ground  motions  during  tlta  aana  aarth^udns.   Fig.  9 

gbowB  tba  obaarvatlon  raaiilts  fron  thaaa  atatians.    la  tha  flgura  tite  zaaulta  axa  raapae- 

tivaly  owibarad  In  aa^Mnea  of  data  of  aarthquska  avanta  for  aach  atation  but  tha  asm 

BialMrs  ara  uaad  for  raeorda      tha  saaa  avants.    in  tha  case  of  tha  epicentral  distaneo 

of  S. 2  Ian  the  ratios  A       /A.        which  are  obtained  from  earthquake  magnitude  of  3.6  to 
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5.0  are  fairly  well  scattered.     Comparing  the  results  at  both  stations  from  the  Scune 
earthquakes,  the  ratios  are  similarly  over  1.0  for  the  event  No.  5  and  less  than  0.5  for 
the  event  No.  9.    Fig.  10  shows  the  observation  results  at  several  stations  during  a  great 
eeurthquake  (1968  Tokachi'-oki  earthquake.  Magnitude:    7.9).    In  the  figure  the  ratios 
A y^y^^^^  tand  to  aoattar,  avan  though  th^  iiara  raoordad  at  atatlooa  of  aimilar  vi- 
eantral  dlataaoa. 

Difference  Between  Maximum  Vertical  Acceleration  and  Maximum  Horizontal  Acceleration 


According  to  the  strong-motion  accelerocrrams ,  It  appears  that  the  occurrence  time  of 
the  maximun  horizontal  acceleration  does  not  usually  coincide  with  that  of  the  maximum 
vertical  acceleration.     Thereforei  discussion  based  on  the  maximum  accelerations  of  both 
ooinponents  Is  to  be  presented  tovuurd  the  most  extreme  case  in  which  both  of  the  maximum 
aeoalaratlona  ooour  at       aaw  tJva*    ihla  aaanvtlon  la  on  tiia  safie  alda  team  tha 
point  of  daalgn.   But*  for  rational  aairthquaka  raalatant  daalgna  it  la  daairabla  to 
elaar  by  tha  obaarved  data  ahathar  both  the  naxtnuw  aoealaratlona  occur  at  tha  same  tioM 
or  not.    cba  following  invaatigatlon  la  parfomad  on  tba  ratio  of  tha  vartleal  aooaiaration 
to  tha  faeriioiital  aecalaration  (A.^/^)  «han  tha  atruotura  bacOBMa  tlw  aoat  unatabla. 

In  order  to  make  the  problem  simpler,  a  stability  of  a  rigid  block  on  a  solid 
is  analyzed  by  the  seismic  coefficient  method,    A  resultant  force  due  to  gravis  and 
aaisnic  force,  and  ita  direction  are  expressed  by  the  following  equationa, 

R  =  agj  (l+k^)^+kj^^  (1) 


Me. 
—  V 


K  -  tan  0  "  ^ijj-  (2) 


ft  ■  raaoitant  forea  acting  cm  tha  bloch 

■  -  aaaa  of  tha  block 

g  "  aooalaration  of  gravis 

fc   m  aeismic  coefficient  in  the  vertical  direction 
kj^  -  seismic  coefficient  in  the  horiaontal  diraction 

K  =  resultant  seismic  coefficient 

6  "  angle  between  directions  of  resultant  force  and  gravity 
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ite  blxxdc  kaoouM  aon  uatabls  with  incraua  of  tlw  XMoltwit  ■•lanic  oMf f  lelMt.  Fxcm 

ttm  digitlB«d  Moeaeda  liatad  ia  TaUa  3  tlM  xaaiiltant  aao«l«ratlom  of  ^  tm  oo^poMnto 

in  the  horiiontal  direction  «r«  cftlculatod  and  tb»  xwaoltant  aal«tfo  ooaf f lelanta  at  aadi 

Inatant  ara  obtalnad  txam  the  aquation  (2) »  In  «hloh  tite  vaanltant  aooelarntlan  in  the 

horiaontal  dixaetion  and  the  vartleal  aaoelarBtian  axe  Intxodnoad.   Whan  the  xaaoltant 

seismic  coefficient  becomes  naxloum,  the  block  ia  In  the  most  unstable  condition  a^ainat 

sliding  and  overturning.    Pig.  11  shows  the  vertical  acceleration  (A^)  and  the  horizontal 

acceleration  (A^^)  for  this  FKaxirnijin  condition.     Usually  maximum  resultant  seismic  coefficient 

occurs  when  the  horizontal  acceieration  is  almost  maximum  but  the  corresponding  vertical 

acceleration  is  not  so  large.    If  the  difference  of  the  occurrence  time  between  A  and 

vmax 

A|^^  is  taken  Into  eonalderatlon,  the  ratios  A ^^^A^^^^  become  almost  lean  than  1/3. 

yragaenm  charaotarlaticB  of  VMrtloal  *ooalagatton 

mieier  spectra  and  response  spectra  of  the  digitized  recorda  are  caloulatad.  In 
this  case  the  minimuin  eplcentral  distance  is  14  ksi,  and  then  the  records  from  the  near 
epicentral  area  are  not  included.     Judging  from  Fourier  spectra  of  20  records  out  of  total 
25  records,  it  was  not  found  that  the  vertical  motion  may  contain  higher  frequency  compo- 
nents In  cotqparlson  with  the  horizontal  motion.    As  an  exanple  of  the  results  the  spectra 
of  tiie  three  eoagonenta  hnlng  alailar  shai>e  are  ehom  in  Fig.  12.   Seaponae  ipeotra  for 
relative  dlaptacanant*  relative  velodty  and  Abaolute  aoaelemtion  are  aleo  oalculntad. 
According  to  the  calculatloa  the  spectra  of  the  vertical  ooavonent  and  the  horiaontal 
oesiponente  are  almat  etoilar  in  ahape  eacpt  6  recorda  out  of  25.   Fig.  13  dioMS  a  typical 
eaa^ple  of  the  abaoluta  aaoaleratian  apectra  aixilar  in  ahape  and  Fig.  14*  an  anafple  of 
the  flpeotra  different  in  lAiape.   Oning  to  the  United  oiaAax  of  racoxda  avnilabla.  It  ia 
not  reeognlaad  that  there  were  atQ^  pactleolax  Inf  Inaneaa  by  avhaoll  condltlona 
qnakee  on  flfpectrn. 

at  wakayana  Fort  on  March  30,  1968 


Strong-notion  aooelaKograna  ahow  in  Fig.  15  wne  raoordad  at  NakayuA  port  Ceploantral 
dlataneei    5.3  1(b#  Stibaoil  ccndltlont   groiv  B)  in  Itakayana  cl^  during  a  local  aaxthtuaka 
(■agnltudai        focal  depth*    0  kn)  on  March  30*  1968.    The  wartwi  nceeXeratlcn  of  lt-8 

component  waa  176  gala,  353  gala  In  B^W  eonpanant  and  405  gala  in  vertical  cooponent. 
Notable  feature  of  the  record  was  very  large  vertical  acceleration  in  comparison  with  the 
horizontal  acceleration.    Although  the  principal  part  of  the  vertical  component  did  not 
come  out  clearly  in  Fig.  15,   it  consisted  of  fairly  high  frequency  components  of  about  20 
Hz.    The  maxijnum  accelerations  both  in  the  vertical  and  the  horizontal  directions  occurred 
•t  different  Inetante*  that  ia*  the  horiaontal  aooeleratXiDn  wee  ahevfc  3S  gale  whan  the 
vertical  accalaration  ocoiixrad  and  the  vnrtleal  aooalaratlon  waa  about  40  gala 
whan  the  wavliiiMn  horiaontal  acoalaeatlcn  occurred. 

What  ia  cpeelally  notewertlqr  1*  the  fact  tiiat  none  of  the  facUltiee  nt  NUcaFaRa  port 
were  danaged  by  the  earthopaha  in  aplta  of  the  fairly  large  acceleration  on  tiie  vertioal 
ceaqponant  and  the  relatively  large  acceleration  on  the  horizontal  ce^peaanta.    It  la  eon- 
aegiuently  reeognlaad  that  the  earthqwake  notion  with  fairly  high  freqaaney  ccagcneute  and 
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the  different  occurrence  time  on  the  maximum  accelerations  both  in  the  horizontal  and  in 
thm  vertical  direction  do  not  have  so  much  influence  on  the  stability  of  the  atructurea. 


INFURMCB  OF  VWIdtL  MSCBtSllftflON  OH  flTOHTTiTWf  tiV  OMXm  TTPS  Sl'MULIIIIQES 

Influence  on  Safety  Factor  Against  Sliding  for  Rigid  Block 

When  both  the  horizontal  ernd  the  vertical  accelerations  exist,  a  safety  factor  against 
sliding  for  such  a  rigid  block  as  concrete  caisson  on  a  tirm  ground  is  stressed  by  the 
Collowing  equation, 

(l-k  ) 

8F  -   .    *  (3) 

Tl 

vlwM  Sr  ■  safety  f eefeor  against  nXiding 

m  eoaCf iclmt  of  fzlotion  bntw—n  block  «d  gromd 

and      -  seismic  OMfflciants  in  horizontal  and  in  vertical  direction*  rMgpeetlvnly. 
Three  kinds  of  situations  are  considered  for  the  calculation  of  safety  factors  againnt 

gliding  for  block.    In  the  first  situation,  only  the  horizontal  seismic  coefficient 

corresponding  to  A,         is  taken  into  consideration.     The  second  situation  is  when  the 
'  hmax 

safety  factor  is  the  minimuiD  value  by  the  equation  (3)  in  which  the  seismic  coefficients 
are  equivalent  to  the  resultant  hoxlaoatal  aooeleration  and  the  vertical  acceleration  in 
mmdh.  Instant.    3a  tha  thixd  aituntlon*  tha  aafaty  factor  la  ealculatad  tagr  tlw  aqaatlait  (3) 
in  terms  of  «te  aalaaie  ooafflolanta  oarraapondlng  to  A^^^  and  Por  tha  ooapttlOMio 

of  safety  faoteva  in  tiuraa  aitoatlooa,  'Sonax  ^  aonMllMd  as  250  gals  and  tha  eoaffiolant 
of  friction  Is  assonsd  to  bs  0*6  for  «11  oasos. 

If  tlia  safs^  factor  in  tha  aocond  case  Is  assnsa  ^  bs  zstion*!  for  ths  stability 
analysis  of  structures  during  earthquake,  the  safety  factor  in  the  first  case  is  over-- 
estimated about  4%  and  is  underestimated  cibout  5%  in  the  third  case.    These  results, 
though  obtained  in  the  particular  conditions  will  provide  soiae  information  on  the  influence 
of  the  vertical  aTOeleration  on  the  stability  of  strxictures. 


Inflssncs  on  gtabUlty  ef  Craivltv  Typs  Quavsnll 

ftafasring  to  ths  InvastigatiiOB  ■antionsd  dbo«««  tbm  iBflvsncs  of  ths  vertical  •eoslsr> 
ntioB  on  the  stability  of  gravity  type  stmetorss  will  be  discussed  with  the  aid  of  the 

present  design  procedures.    The  gravity  typp  qnsv'wan'?  are  selected  for  discussion.  In 
the  present  design  procedures  of  port  facilitif^n   iS]  the  seismic  coefficient  in  the 
vertical  direction  is  not  considered.    This  conception  is  not  based  on  the  investigation 
of  the  earthquake  records  but  on  the  enpirical  judgment  that  the  effects  of  the  vertical 
aooslsratlon  on  the  stability  of  structures  will  bs  onmpsnwitsd  by  applying  a  propsr  vslua 
of  ssisnic  oooffleisnM  in  tha  faoelsental  dlrsetlon.   iharsfovo,  asfsty  factora  onnsidarlng 
tha  vsrtlesl  asiilc  ooaffloiant  will  ha  snail  nod  wing  ths  prasant  daslgn  japocsaursa. 

Modal  qnaymllo  are  ahosn  in  Pigs.  16  and  17*   Ona  la  a  ceoMo  slss  of  wall  vlth  s 
unbar  depth  of  -5.5      tSis  othar  is  a  ralatlvaly  larga  mall  with  s  watar  dcpUi  of  -12  wu 
In  tha  stabUtty  anslysls  tto  boriMotal  soiMio  oooffiolsiit  «rs  aiaagsd  as  0*15*  0*10  «ad 
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O.OSr  and  tim  vertical  Belaaic  ooeffleieats  «r«  fixad  «*  om  half  of  tlw  boriaontal  one  in 
both  this  iipMBxd  and  doMniard  dlraetlooa.    Sudi  deaign  conditlona  aa  oroim  baight.  aaa 
natar  lavalf  angla  of  friction  of  backfill  aoil,  aordhaxgar  ratio  of  width  to  halght  of 
caisson  and  realdual  watar  laval  ara  alao  ohangad  in  several  ways.    Safety  factors  against 
•lldlng  and  overturning,  and  bottom  reaction  are  calculated,  and  their  changaa  due  to  the 
vertical  seismic  coefficient  are  also  examined. 

According  to  the  analysis,  the  vertical  seismic  coefficient  acting  in  the  upward 
direction  reduces  the  safety  factors  and  the  rate  of  reduction  of  the  safety  factors 
increases  proportionally  with  increase  in  the  horizontal  seis&ic  coefficient.    For  exan^le, 
safety  faotora  in  Mfalofa  tlia  vestical  aalaalc  coafficlent  are  conaldarad  daeziaaaa  1.5%  in 
the  oaaa  of  the  horlaontal  aalanle  ooeffielmt  of  0.05  and  10%  in  the  oaae  of  0.20  In 
oonparlaon  with  the  caawi  in  which  the  vertloal  aalBBle  coafflelant  la  not  eoaaldared. 
these  rates  of  the  reduction  of  aafety  faetora  reaaln  unchanged*  even  If  the  deaign 
paranetere  meotfBt  the  horlaontal  aelaMla  coefficient  aea  dianged.    It  la  indieatad  that 
botton  reactions  vary  oopplleatedly  with  the  direction  of  the  vertical  aelanio  coef f ioiutt 
and  other  design  parameters.    The  rate  of  change  of  the  safety  factors  Is  commonly  within 
several  percents,  but  in  special  cases  it  changes  up  to  20%  for  the  structure  with  a 
safety  factor  of  1.0  against  sliding. 

This  discussion  is  limited  to  the  particular  condition  in  which  the  vertical  seismic 
coefficient  is  one-half  of  the  horizontal  one.    But  the  influence  of  the  vertical  motion 
on  safely  faetora  and  botfant  nsction  will  owtainly  deerease  in  tiw  amwm  idMD  the  diffw«> 
enee  of  ooourrence  tine  between  and  is  taken  into  oonsideratlon.  Fron  the 

analysis  above*  it  will  be  concluded  that  the  vertical  component  of  earthquake  notion  nay 
give  only  a  aaall  variatient  less  than  aevsnl  pueents,  in  safMy  faetora  for  gravis 
type  atruoturea,  and  in  tiie  pcactical  design  it  is  possible  to  oovpanaate  thie  degree  of 
snail  variation  by  applying  a  proper  value  of  horlaontal  seisnie  eeeffleients. 

OOMCUJSIOMS 

1)  Jieoordlng  to  the  accelerogram  of  the  aaxinun  hmrisontal  aocaleratica  of  Bore 

than  50  gals,  the  ratio  of  the  maximum  acceleration  on  the  vertical  contponent  to  that  on 
the  horizontal  cc»nponent  (greater  acceleratloa  on  the  resultant  of  two  horizontal  conipo- 
nents)  is  less  than  1/2. 

2)  Any  significant  relationship  Cem  not  be  found  between  the  ratio  of  the  maximum 
vertical  acceleration  to  the  maximum  horizontal  acceleration  and  the  factors  such  as 
-T-'-'— —  horlaontal  aeealeratienf  ^ploentxal  distance »  nagnituda  of  aarthgoaka  and  avbaoil 
qcndltiona  at  the  aites. 

3)  ttie  ratios  of  tbm  maKimm  vertical  acceleration  to  the  —vlwnm  horiaontsl  aeoeler* 
ation  are  fairly  acattered-in  the  aocelerograais  which  are  rscordsd  at  stations  during 
aartlMioAfcaa  with  ainost  the  sue  eplcentral  distance  and  the  saaa  Magnitude. 

4)  The  occurrence  tine  of  the  naxinn  acceleration  on  the  horizontal  component  is 
different  f roR  that  on  the  vertical  ooaponent.    At  the  tine  when  the  aafety  factors  againat 
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sliding  and  overturning  for  gravity  type  structures  are  the  smallest,  the  ratio  of  the 
vertical  acceleration  to  the  horizontal  acceleration  is  less  than  1/3. 

5)  I<oiirl«r  aptctxa.  and  raapaiiM  qpaotra  of  th«  vartlcal  oonpoiMiit  and  tb*  horlsointal 
eamgatmnta  o£  tlia  aarttuiDaka  taotions  in  which  ^icantral  diatanom  ara  mora  than  14  km 
ehow  alnoat  alailar  fraquaney  eharaetaciatiea* 

6)  During  a  local  earthqaalca  near  wakayana  city  on  Harofa  30,  1968  r  tfaa  accalazogram 
with  tha  vartloal  oompoMnt  of  405  gala  uaa  racoxdad  at  nakayaaa  port  with  tha  apioentral 
diatanoa  of  5.2  km.    Inqpita  of  tha  fairly  largo  vwrtleal  acoelaratlon»  nona  of  tha 
facilities  at  the  port  wera  danaged. 

7)  Using  the  present  design  method  for  harbour  structures,  tho  stability  analysis 
for  gravity  type  qua'ywalls  was  performed  in  order  to  examine  the  effect  of  the  seismic 
coefficient  in  the  vertical  direction.     So  far  as  the  quai-walis  investigated  herein  are 
concerned,  the  vertical  seismic  coefficient  has  not  so  considerable  influence  on  the 
atabillty. 

ACXHOmaXSBMBNT 

This  report  ia  Indabtad  to  the  fruits  of  projaeta  on  obaarvation  of  atrong^ootioo 
aarthqpiakaa.   lha  autteora  wiab  to  ei^reaa  thair  thaoka  to  paraooa  concaxnad  in  tb»  nataorka 
on  tha  fort  and  Baxfaour  Reaaardi  Inatituta  and  the  Public  MOrk  Reaaaroh  loatituta. 
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Table  1     Munber  of  AccelerograiM 


Max.  acceleration 
range  in  gala 

Vhmber  of  accelerograna 

PHRI 

(Mar.  1963  -Dec.  1974) 

PWRl 

(Jan.  X968  -  Dec.  1973) 

Total 

10  -  20 

135 

103 

23a 

20  -  50 

106 

114 

220 

over  SO 

53 

63 

116 

Total 

294 

280 

574 

Table  2     Speciflcationa  of  acceLerograph 


Nuisber  of  elements 

Natural 
pc  r 1 0  d  o  £ 
ptndulu-n 
(•ec) 

Danping 
constant 

Sensitivity 
(gal /in) 

Max. 

recording 
flccel  (ration 
(gals) 

2  in  horizontal 
1  In  vertical 

0.14 

critical 
damping 

12.5 

500 

Recording 

Recording 

Recording 

Timing 

Dimenaion 

system 

speed 

tine 

of 

(aii/aec) 

<aiin> 

(ate) 

inatruinent 

(o) 

Scratching 

atylua 

10 

3 

1 

54  x  54  x  37 

paper 

Table  4     Stations  claaaifled  by  aubaoil  condition 


Croup 

Subaoil  eonditlon 

Station 

A 

Rock,  very  dense  granular 
layer  vltb  N  value  of 
over  50 

Mlyako-S,  Kashlma-S.  Kushiro-S,  Kokcn^S* 
Ofunado-bocbl-S,  Akita-S 

B 

Sandy,  allty  and  clayey 

layer  with  medium  density 
except  group  A  and  C 

Muroran-S,  1laehlnohe-S»  Shieganw-8, 

Tomakomai-S ,  ShlogamakoJo-S ,  Onahama-8, 
Chlba-S,  Keihinji-S,  Shlnagawa-S, 
Yaaiaahltahen-S ,  Tagonoura-S,   Shimizuko jo-S , 

Klnttttra^S,  Magoyaaokan-S ,  Yokkaichiji-S. 
Yokalcbichltoae-S,  KobeJi«>8,  HlroahiM-S, 

Kochl-S,  H080sbliM-S,  Kanazawa-S,  SakaCa-8, 
Wakayamaji-S,  Tsuruga-9,  Ofunado-S, 
Kaahinaji-S,  Okltau-S 

C 

Loose  sandy  layer  with  N 
value  o£  less  than  3. 

Aonori-S,  Kagoahla«»S 
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Flf>  I     Relationship  between  max.  vertical 


acceleration  (J 


,)  and  max. 


horisoatal  •ceeUntion  (AfuMx' 


a: 

I 


0.t  1.0 

Pig.  2     Frequency  distribution  of  ratios  pf  . 
■ax.  varcical  acceleration  to  smx. 
horlaental  acecUratleo  U^ymnJHmtx^ 
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OvwIoiMMits  In  Strong^Notlon  Data  Mdnayeiiient 

A.  GERALD  BRAOY 
U.S.  Geological  Surveiy,  Henio  Park,  California 

ABSTRACT 

Sons  racant  dovolopnants  In  tha  procadiiras  for  digitization  and 
subsequent  analysis  of  strong-notion  earthquake  accelerograph  records  are 

described.    The  stdnddrd  digitizing  and  analysis  procedures  of  the  Lalifornia 
Institute  of  Technoloay's  Earthquake  Engineering  Research  Laboratory  have  been 
well  docunented  for  several  years  now  and  apply  well  to  the  long-duration, 
h1gh-ani»11tude  recordings  that  were  the  main  content  of  the  project.  This 
paper  provides  further  descriptive  material  deeling  with  the  care  needed  In 
using  standard  analysis  procedures  on  records  which  cannot  be  described  as 
Standard.   In  particular,  short  duration  records,  where  except  for  a  few 
peaks  the  ai|>11tudes  are  low,  have  noise  problems  that  can  only  be  reduced 
Jgr  considerable  reduction  of  the  frequency  range  containing  valid  data. 
The  Seismic  Engineering  Branch  of  the  U.S.  Geological  Survey.  In  continuing 
the  digitization  and  analysis  of  significant  records,  has  modified  the 
standard  procedures  where  experience  has  shown  such  adjustments  are  necessary, 
and  plans  to  neke  further  nodlfl cation  where  appropriate. 

INTRODUCTION 

Strong-motion  earthquake  accelerograph  records  have  been  digitized  with  various 

techniques  since  significant  ones  were  first  recorded.  A  detailed  description  of  the 
methods  used  over  the  years  up  to  the  present  day  would  show  the  gradual  improvement  In 

digitizing  during  this  time,  indicative  of  the  concern  amongst  users  of  this  data  for  the 
extraction  of  the  naxlnun  amount  of  Infonnatlon.   This  quest  continues,  and  indeed  it  Is 
obvious  that  any  report  describing  "current"  techniques  under  such  circumstances  must  be 
expected  to  appear  Imaedlately  out  of  date  to  some  readers.  The  digitizing  of  records 

has  been  carried  out,  in  the  main,  in  order  to  analyse  them  more  thoroughly  then  can  be 

KEYHOROS:  Accelerpgrams,  Digitization,  High  Frequencies,  Low  Frequencies 
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done  by  vfsMi  stu^y*  Of  Interest  has  been  the  tine  history  of  ground  velocity  and 

displacement,  the  frequency  content  of  the  different  bu'-sti  of  energy  in  the  record,  and 
the  effects  on  simple  idealized  structures  assumed  to  be  excited  by  the  ground  notion, 
and  portrayed  in  res|Kmse  spectre. 

By  the  early  1960*s  It  was  realized  that  the  r«u1ts  of  w»st  analyses  of  digitized 
records  depended  to  an  appreciable  extent  on  the  Indlvlduel  technique  of  the  people  doing 
the  digitizing  and  planning  the  subsequent  computer  analysis.   A  comparative  digitizing 
effort,  carried  out  by  research  staff  at  Caltech,  U.C.  Berkeley*  the  University  of 
Michigan  and  the  University  of  Illinois*  clarified  a  nunber  of  points  pertaining  to  the 
digitizations  and  analyses  J  At  that  tine  parabolic  corrections  were  nade  to  the 
accelerations,  and  calculations  of  displacement  showed  up  the  dependence  of  these 
displacements  on  the  details  of  the  cooiNitlng  techniques.   Response  spectra  calculations 
were  also  shown  to  depend  on  such  parameters  as  the  integration  step  length  and  the 
record  duratloni  as  well  es  the  obvious  basic  dependence  on  the  digitizer  of  the  original 
record* 

In  1968  Cal tech's  Earthquake  Engineering  Research  Laboratory  embarked  on  a 
digitization  and  analysis  project  whose  main  goal  was  to  provide  data  in  digital  form 
by  standard  procedures  developed  over  the  early  stages.  Reports?  and  magnetic  tapes 
containing  the  deta  from  381  digitized  records  were  distributed  throughout  the  country 
and  to  some  overseas  destinations,  and  their  use  attest  to  their  acceptance.  Procedures 
are  fully  described  In  the  reports  for  digitization  of  the  various  types  of  records 
Making  up  the  total,  and  for  routine  analyses*  These  standard  analysis  procedures 
Include  the  following: 

1.  Preparation  of  uncorrected  seeled  data  by  making  use  of  tine  narks  and  fixed 
traces  where  available. 

1a.  G.  Brady,  "Studies  of  Response  to  Earthquake  firound  Notion,'  £ERL  Report, 

Calif.  Inst,  of  Tech.,  Pasadena,  Calif.  (1966) 

^"Strong  ^totion  Earthquake  Accelerograms,"  Vol.  1,  Part  A  (Report  No.  EERL  70-20), 
Vol.  II,  Part  A  (Report  No.  EERL  71-50),  Vol.  Ill,  Part  A  (Report  No.  EERL  72-80), 
Vol.  IV.  Psrt  A  (Report  No.  EERL  72-100),  Calif.  Inst,  of  Tech.,  Pasadena,  Calif. 

(1970-1972) 
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2.  Preparation  of  corrected  data  by  making  use  of  the  Instninental  constants  in 
an  Instrumnt  oorrectlon,  and  fay  rawval  of  high  frequtncy  and  low  frequtncy 
nolsa  In  a  band  pass  flltsrfng  operation. 

3.  Calculation  of  response  spectra  for  ffve  different  values  of  damping  and  over 
a  frequency  range  equal  to  that  of  tne  pass  bird  used  in  the  correction  stage. 

4.  Calculation  of  the  Fourier  anplltude  spectrum  of  the  record  by  use  of  Fast 
Fourier  Transform  teclmlques. 

Nnv  OMjntrles  In  selsnlc  areas  of  the  world  have  similarly  eii>arked  on  the  planning  and 
Installation  of  Instrumentation  netnorks  and  have  subsequently  developed  analysis 
techniques  for  use  on  those  significant  records  that  they  have  recovered  and  digitized. 
The  Caltech  project  has  frequently  been  used  es  a  standard  guide  ft»r  these  endeavors  and 
has  served  mU  in  this  capacity  Mhen  care  has  been  exercised  In  transferring  the 
procedures  to  the  users  particular  circumstances. 

DIGITIZATION 

An  appreciable  amount  of  Infonnatlon  can  be  obtained  from  the  record  before  ariy 
digitization  attempt.  Peak  values  of  acceleration  can  be  scaled  off,  using  the 

sensitivity  of  an  Individual  transducer's  mechanical  and  optical  properties.   The  total 
duration  of  the  instrumental  record  can  t»e  determined  from  the  time  marks.    The  duration 
Of  various  levels  of  strong-motion  can  be  determined,  such  as  the  length  of  time  between 
the  first  and  last  amplitudes  of  100  cm/sec^  (or  O.lg).  In  some  cases  tdiere  the 
Instrument  has  been  triggered  by  the  first  vertical  accelerations  reeching  1t»  (P  weves}» 
and  the  honzontdl  components  stiow  S  wave  arrivals  clearly,  then  S-T  times  can  be  read 
off  for  use  in  epicenter  determinations  and  other  travel  time  calculations. 

Engineering  uses  of  accelerogram  records  prior  to  digitizing  Is  limited  to  the 
Investigation  of  upper  stoiy  records  where  modal  vibrations  of  a  structure  become 
apparent*  particularly  after  the  first  trenslent  motions  have  dissipated.  Some 
preliminary  estimates  of  mode  shapes,  depending  on  the  nu/riiier  of  records  tarougnout  the 
height  of  the  structure*  and  of  tiieir  natural  frequencies,  can  be  made.   This  allows 
calculation  of  base  shears  and  overturning  mmaents  during  noimal  mode  vibrations  as  they 
occur  during  eerthquake  excitation. 
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For  oonputer  analysis  of  tfie  dynamtc  behavior  of  buildings  during  base  Input  notion, 

ground  motion  records  must  first  be  digitized.    The  records  from  upper  levels  of 
Structures  must  be  digitized  If  a  detailed  computer  Investigation  is  required  of  building 
antlonSt  stiffnesses  and  node  shapes.  Also*  for  Investigations  that  require  the 
Integration  of  carefully  prepared  accelerations,  for  velocity  and  displacement  tine 
histories*  the  original  accelerations  need  digitization. 

High  Frequency  Considerations  of  Hand  Digitizing 
Hand  digitizing  refers  for  the  tine  being  to  Moving  a  cross-hair  by  hand,  following 
a  trace,  and  selecting  Individual  points  Mhose  coordinates  are  recorded  automatically 

when  signalled  by  the  operator.    Subsequent  computer  programs,  which  assume  that  the 
traces  are  straight  lines  between  elected  points,  danand  that  among  the  points  chosen  are 
all  the  local  peaks  and  all  changes  of  slope.   In  order  that  the  same  control  on  high 
firequency  noise  can  be  maintained  throughout  the  duration  of  the  digitized  record  the 
average  density  of  selected  points  must  be  kept  up  in  the  Meaknnotion  portions  to  the 

level  maintained  in  the  strong-motion  portions.^ 

The  following  line  of  reasoning  can  now  be  applied  to  the  further  analysis  of  this 
ran  data.  Suppose  for  the  sake  of  an  example  that  the  average  digitizing  rate  of  a 
particular  tram  corresponded  to  50  points  per  second  of  record  time,  chosen  because 
2S  Hz  content  was  seen  to  be  present  and  capable  of  digitizing.    Portions  of  the  record 
that  contained  20-25  Hz  signals  would  i>e  digitized  just  at  the  peaks,  i.e.,  two  points 
per  cycle*  while  signals  at  the  10  Hz  frequency  level  would  be  identified  with  approx- 
inately  5  points  per  ^cle.  Lower  frequency  content,  appearing  smoother  in  the  record, 
would  be  well-defined  with  many  points  per  cycle.   For  analyses  that  required  tiie  highest 
accuracy,  i.e.,  maintaining  the  accuracy  already  present,  equal-step  interpolation  must 
be  performed  at  a  Ax  equal  to  the  least  count  of  the  digitizing  machine.  Otherwise, 
peaks  will  be  missed  during  interpolation.   However,  a  conpromise  must  be  reached  because 
data  of  this  density  is  too  large  In  volume  to  handle.  The  conpromise  must  consider  the 
fact  that  the  final  data,  in  order  to  portr^  accurately  the  25  Hz  content  originally 

^J.  B.  Berrin  and  T,  C.  Hanks,  "High  Frequency  Amplitude  Errors  in  Digitized  Strong 

Motion  Accelerogran;5 ,"  in  "Analyses  of  Strong  Motion  Earthquake  Accelerograms",  Vol. 
IV,  Parts  Q,  R,  and  S.  Report  No.  EERL  74-104,  Calif.  Inst,  of  Tech.,  Pasadena, 
Calif.  (1974) 
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seen,  rust  be  at  a  density  that  offers  approximately  6  points  per  cycle,  dnd  therefore 
150  points  per  second.   The  25  Hz  content  could  be  satisfactorily  represented  with  50 
points  per  second  only  If  each  tine  the  2S  Hz  waves  appeared  tiMty  mere  alMiys  In  phase 
tflth  eadi  other  and  their  peaks  occurred  at  lultlples  of  0.02  sec.  This  of  course  Is 
never  the  case. 

If  25  Hz  Is  the  highest  frequency  that  can  be  seen  and  digitized,  the  digitization 
at  an  average  density  of  SO  points  per  second  will  contain  unacceptable  digitization 
noise  at  fk>eqiienc1es  above  25  Hx  and  low-pass  filtering  at  26  Hz  Is  called  for.  fto1n> 
tenanoe  of  a  final  data  density  of  ISO  points  per  second  Is  still  required. 

The  compromise  between  data  density  and  the  accuracy  of  peak  values  leads  to  some 
confusion  when  c«nparisons  are  made^  between  the  maximum  acceleration  of  a  record  when 
scaled  off  the  original  (or  off  the  raw  digitized  data)  and  the  aiaxliiiii  acceleration 
after  correction.  If  the  correction  procedures  have  required  Interpolation  at  a  density 
with  A<  greater  than  the  least  count  of  the  machine,  then  It  Is  probable  that  this 
scaled  peak  will  be  lost,  and  a  lov.er  peak  value  will  result.    As  dn  eAaiiple,  with 
records  containing  12-16  Hz  components*  whose  peak  accelerations  occur  in  this  frequency 
range i  corrected  data  with      •  0.02  sec  have  had  peak  values  In  the  range  of  0.7S  to 
0.3  of  the  uncorrected  peak  values. 

High  Frequency  Considerations  for  Machine  Digitizing 

Various  other  possibilities  of  selecting  points  are  available  and  In  use  on  sone 

digitizing  systons.  Although  the  cross-hair  Is  moved     hand  along  the  trace  In  question. 

the  auttmatlc  relaying  of  points  Into  some  storage  device  can  take  the  form  of  a  set 

nunnber  of  points  transferred  each  cm  In  the  X-dlrectlon  (i.e.,  Ax  ,  or  At  kept  constant) 

or  a  set  number  of  points  transferred  each  second  of  real  time  (in  which  case  Ax  or  AtT 

depends  on  the  speed  of  the  operator  following  the  trace). 

Totally  automatic  digitizing  can  be  of  two  principle  types.  The  first  consists  of 

automatically  scanning  the  entire  recorded  film  and  measuring  the  greyness  at  each  matrix 

element  location,  followed  by  computer  analysis  to  recover  the  traces.   The  second  consists 

^"Strong  Notion  Earthquake  Accelerograms,"  Index  Volune,  Report  No.  ££RL  76-02> 
Calif.  Inst,  of  Tech..  Pasadena.  Calif.  (1976) 
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of  autonatlcally  follONlng  a  particular  trace  having  been  given  a  starting  position »  and 

recording  X  and  Y  coordinates  according  to  some  fixed  procedure. 

In  all  of  these  cases,  the  procedure  can  be  compared  with  the  description  In  the  ' 
previous  section  on  hand  digitizing  and  appropriate  Measures  taken  to  Insure  that  the 
quality  of  the  high  frequency  content  mialnlng  In  a  record  Is  accurately  kncim. 

LONG  PERIOD  Ai^ALYSIS 

The  baseline  correction  procedure  of  the  Caltech  standard  data  processing  project 
renoves  from  the  accelerogran  all  Fourier  components  with  periods  longer  than  an  upper 
period  limit  chosen  on  the  basis  of  careful  tests.   For  the  particular  equlpnent  used  at 

Caltech,  and  for  the  typical  records  used  in  the  project,  namely  with  sensitivities  of  7 
to  14  cm/g  and  with  record  speeds  of  the  order  of  1  cm/sec,  this  upper  limit  was  about 
14  seconds.  A  filter  was  developed  with  a  cut-off  period  of  14  sec  and  ro11-off  term* 
Inatlon  at  20  sec  -  the  corresponding  frequencies  are  0.07  and  0.05  Hz.  Subsequent 
Investigations  confirmed  that  for  this  typical  Caltech  data  the  errors  In  the  14  or  16 
second  components  could  be  ap  to  4  cm  of  displacement,  while  errors  in  the  8  second 
components  were  of  the  order  of  1  cm  of  displacement.^  Shorter  periods  had  correspon- 
dingly smaller  errors.  These  dlsptacenent  errors  were  apparent  irrespective  of  the 
acceleration  aii|»11tudes.  which  for  most  of  the  records  in  the  project  were  relatively 
high  -  the  selection  of  the  records  had  been  originally  made  on  the  basis  of  peak 
accelerations  being  greater  than  O.lg.    It  has  recently  become  clear  that  for  records  of 
low  acceleration  amplitudesi  or  of  accelerations  of  large  amplitudes  but  corresponding 
to  small  displacement  pulses  as  In  records  close  In  to  small  shocks •  or  In  short  records* 
some  further  adjustment  of  the  long  period  limit  is  required. 

Short  Records 

Recent  experience  with  records  shorter  than  approximately  60  sec  has  shown  that  the 

upper  limit  for  long  periods  must  be  selected  with  due  consideration  to  record  length. 

It  Is  not  advisable  to  assume  that  a  satisfactory  quantitative  measure  of  the  Fourier 

h.  C.  Hanks.  "Strong  Ground  Notion  of  the  San  Fernando*  California*  Earthquake: 
Ground  Displacements,*  Bull.  Sels.  Soc.  America*  65.  1.  p.  193  (1975) 
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components  wfth  periods  longer  then  1/4  or  1/3  of  the  total  record  length  can  be  obtained 
from  any  record.    Consequently,  for  records  shorter  than  60  sec.  revised  cut-off  and 
roll-off  termination  periods  must  be  used.  A  suitable  choice  bas  been  found  to  be  tbe 
restriction  of  periods  retained  In  the  corrected  data  to  15  seconds  or  1/4  of  the  record 
length,  mhlchever  Is  smaller. 

Records  With  Small  Displacements 
Treatment  of  the  long  period  limits  In  this  case  Is  rather  obvious*  after  a  few 
trials  are  run  on  any  particular  record.  The  long  period  limit  must  be  chosen  so  that 
the  errors  In  the  displacement  at  this  long  period  are  negligible  when  compared  to  the 

actual  displacements  expected  when  the  accelerogram  Is  Integrated  twice.    For  an  8  cm/g 
sensitivity*  use  can  be  nsde  of  a  table  such  as  the  following  in  order  to  estinate  the 
longest  period  to  retain: 

longest  period  retained  (sec)  16    8  4      2  1 

Expected  errors  In  displacement  (cm)    4    1     .25    .06  .015 
The  required  ground  displacements  from  a  filtered  accelerogram  should  be,  say,  10  times 
these  expected  errors  In  order  that  the  displacements  retain  an  acceptable  signal  to 
noise  ratio.  Adjustments  to  these  figures  can  be  made  for  Instruments  with  different 
sensitivities,  and  recorder  speeds  different  from  1  on/sec.  and  further  adjustments  of 
the  long  period  limit  can  subsequently  be  made  If  desired  In  order  that  resulting 
displacements  compare  favorably,  in  aniplitude  and  frequency  content  with  actual 
displacements  predicted  on  the  basis  of  selsmologlcal  studies. 

CONCLUSIONS 

This  paper  has  discussed  the  areas  in  which  it  is  appropriate  to  make  some  changes 
In  the  standard  data  processing  of  strong-motion  earthquake  records.   Included  have  been 
the  follONing  conclusions: 

Hand  digitization  of  records,  (trace  following  by  hand*  and  points  selected  Individ- 
ually), In  which  the  highest  frequency  capable  of  being  examined  and  digitized  Is  25  Hz, 
should  be  accompanied  by  computer  analyses  which  treat  the  data  at  a  density  of  150 
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points  per  second.  Careful  considerations  along  slnllar  lines  must  be  given  to  any 
digitization  that  1s  more  automated. 

The  long  period  limit  for  corrected  data  must.  In  general,  be  reduced  for  accelero- 
grni  that  are  shorter  than  j60  sec,  for  accelerogram  that  have  short  duration,  high 
anplltude  pulses,  corresponding  to  small  displacement  pulses,  and  for  accelerograms  with 
generally  low  anplltudes. 
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OM  A  MBraoD  roR  smniBsizziRS  nE  mszfzcxMi  nueragDiuB  mvBS 

BY  I18IW3  WB  PBBDICTXOV  BRROIl  PIUSR 
Kttiidhi  OhtMil  and  Shlg«o  Xinoshlto 
National  IlMaaceb  Cwatar  for  Olsastar  Prvvwitiacif  8ci«kc«  fi  TacliiM>l097  Aigancy 

ABSTRACT 

8«viir«l  Mtlwds  for  qrnttiMlsiiig  t)M  artificial  aartligaaka  wavM  taava  baan  raportad 
for  tha  piiipaae  of  dynanlc  analyaia  and  earthquake'-r«Bi«tuit  design  of  structures.    In  tha 

present  report*  the  authors  discuss  a  method  by  using  "the  prediction  error  filter,"  in 

which  there  are  less  nujnbers  of  the  required  parameters  than  those  in  other  methods  and 
also  these  parameters  are  more  easily  estimated.     This  method  is  based  on  the  linear 
prediction  model  for  the  earthquake  wave  in  the  time  doioain.     Therefore,  parameters  by 
which  the  prediction  error  filter  Is  constructed  are  oooputed  from  the  sequence  of  co- 
varianoa  Mtrleaa  that  xapraaant  tha  oharaoMrlatloa  of  aarthgnalfa  tMwaa  in  tha  tiaa 
doanin* 

As  eongparad  with  tha  Mthods  using  tha  finite  Fouriar  ain>ans1nn  hJT  haxvanie  fiinetiom» 
this  astfaed  usas  tha  f  iaita  Iboriar  aaqpansien  fay  unoomlatad  randoD  variahlas,  and  tha 
f  lltar  ia  daaignad  in  tha  tiaa  dooain.   Alao,  ttia  noabar  of  taraa  of  idiis  ea^anaion  is 
stttoantieally  dataniaad      using  "An  inforaation  critarion"  (Aic>  pceposad  fay  Akaiks. 

Tha  relatlonihip  introduced  by  the  authors  for  synthesizing  correlated  mttiti-diaenaioinal 
i«awas  show  «n  axa«ple  of  syntbssis  by  using  an  observed  strang*«etion  acceiarograB. 

XBVMMUSi   Aooelerogrsii  artifiolal  earthqMakai  oovarianoei  filteri  finite  Fourier  expanslony 
prediction  erzori  randan  variablesi  syatfaesisr  mve 
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Mathematical  processes  of  the  simulation  of  various  randon  phenomena  have  growing 
applications.    In  the  field  of  earthqueike  engineering,  the  simulation  for  strong-motion 
earthquake  waves  provides  a  valid  starting  point  for  the  dynamic  analysis  and  the  earth- 
guake-saaiBtaitt  daslgn  of  atKuuturaa  in  >BlflBie  xwgiona,  and  alao  in  playing  an  important 
rola  in  tbm  shaking  tafcla  taata.    tooordingiyi  aaivaraX  nathodB  for  aynthaalaing  artificial 
waves  have  been  already  reported  <1}.    The  present  report  discusses  a  sinple  Mthod  toe 
synthesising  artificial  Mves  by  using  tha  pradiction  aneoir  filtar,  in  which  retired 
paranstars  are  femr  than  tiwse  in  other  nathoda  and  also  thay  are  easily  estiaated.  ihe 
suggestion  that  the  application  of  prediction  error  f  ilt«  to  aartfaquaka  wave  would  be 
efficient  was  made  in  two  references  (2p3)* 

In  the  authors'  method  by  using  the  prediction  error  filter,  a  filtered  white  noise 
inodel  is  used  for  generating  the  artificial  earthquake  waves  as  shown  in  Fig.   1.  The 
procedure  is  to  use  the  digital  computer  for  generating  a  random  number,  to  multiply  this 
by  A  gain  function  (i.e.,  a  function  of  the  covariance  matrix  of  final  prediction  error), 
and  then  to  psM  tiha  resultant  saqnanee  through  a  linear  filter  (i.e.,  the  pradietlon 
error  filter  with  the  segiienee  of  covariance  natrices  of  a  given  earthguake  wave) .  Matrices 
r(n,a),  B(n,l),  In  which  v^X,,,,,p,  are  referred  to  as  the  filter  paraneters,  and  are 
reepiired  in  order  to  design  tliis  filter  and  to  daacriha  tha  charaetMriatiea  of  tha  filter. 
Also,  tha  covariance  natrix  8  (p)  of  final  prediction  error  is  required  in  order  to  describe 
the  cAiaraoteristics  of  itvut  for  tha  filter.    Tha  induction  of  thoae  natrices  and  the 
eoostruction  of  the  prediction  error  filter  are  discussed  in  sections  2  and  2,  respectively. 

Generally,  there  are  two  difficulties  associated  with  the  simulation  of  earthquake 
waves.    One  is  tiiat  the  two  horizontal  components  and  the  vertical  component  of  observed 
earthquake  waves  are  not  statistically  independent.     However,  this  difficulty  is  probably 
out  of  the  question  in  this  methodf  because  correlations  between  these  components  are 
taken  into  aooount  by  designing  the  filt«r  fron  tiie  ssgusnoe  of  covariance  natrloea.  Vhe 
oUwr  difficult  is  tha  nonatationarity  of  cfaauved  eartligiiake  waves,  especially  because 
this  nethod  ia  based  on  a  theory  of  stationary  sfco<fliaatic  process.   Assuning  the  fregiiiency 
statlonarlty,  the  applitaide  noostatienarity  la  induced  fey  passing  tiie  Input  randon  ntndMr 
through  the  ti—  dependent  function  of  eovarianoe  Matrix  of  prediction  error,  i.e.  #  a 

shape  function  In  matrix  fon.    On  tha  other  hand,  the  sinulatico  of  the  frequency  nonata- 
tlonarllgf  la  difficult.    Putting  the  filter  parameters  as  time-dependent  matrices,  the 
nonatationarity  representation  of  frequency  characteristics  is  theoretically  possible. 
But,  generally,  the  the  tine  constant  of  prediction  error  filter  composed  from  observed 
earthquake  waves  is  so  large  that  the  simulated  waves  can  not  run  after  the  variation  of 
the  original  wavws.   Hcwtver,  a  sianlaticn  of  one  dlnenslonal  noustatlonary  process  by 
using  tha  prediction  error  filter  and  the  Xalnan  filtering  tedhnique  was  reported  in 
reference  2.    In  the  present  r^rt,  the  object  of  the  author 'a  stu^y,  i.e.,  the  sianlaticn 
of  aulti^dinenslonal  artificial  earthquake  wave,  ie  bound  wiililn  the  stationary  caaa. 
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INDOCTIOH  OP  FILTER  PARMtETERS  AMD  OOVARIANCE  MATRIX  OF  PREDICTION  ERROR 


a  llnMv  wibapac*  M(q)  !■  qtvmik,  ttm  foxnwcd  pcwdietion  of  X(k)  can  te  daflnad 
aa  tbm  facojaetion  of  X{k)  on  this  aub^paoa.   than*  tha  fomard  ggoJictloB  of  X<k}  * 


_  q 

X(k}q)  -   £   r(q,n)x(k-n}  (2.1) 

Is  estimated  by  solving  the  so-called  torvard  Yule-walKer  equations. 
4 

I[{xa0-    I  F<q,B)X(k-p)  )X*  Oc-n)  1 

■-1 

<I 

-  ft<ii)  -  F(qtn9m(ii-n) 

•  Of  it>lf...,q  <2.2) 

Bradlotimi  aatrioas  F<q,n)f  trtiara  n^l,...,q,  in  Eq.  (2.1)  az«  tha  aolution  of  the  abova 
alamltanaooa  aquatiooa*   Alao*  tbm  fonnxd  predict  ion  arvor  la* 

X(kiq)^(k}-X{kiq)  (2.3) 

aimnarlY,  tha  haelcifard  pxadlotloii  of  x(lc-(qtl))  r 

_  q 

X(k^(q4-l)iq)-  £  B(q,ii)x(k-n)  (2.4) 
n-l 

the  bagkward  Yule-Walker  equations « 

q 

B[{X(k-(q+l)-  Z^B(q,i4X(k-a)}X'aMl)) 

q 

-S(a-(qtl]|-   £  B(q,B}R(nra) 

-  0,  ll»l,...,q  (2.S) 
and  the  backward  prediction  error 

X(k-{qf-l)  tq)-X(k-(qfl)  >-X(k-(q4-l)  iq)  (2.6) 


ara  obtalnad  aa  oocxaaponaiiig  to  (2.1),  (2.2)  anA  (2.3)  in  tha  foxwaxd  pBaJtctton 
raapaotivaly. 

Furthermore,  the  forward  Yule-Walker  aqoationa  wltti  ragarA  to  tlia  atib^paoa  M(q«-1)  axa 
partltionad  into  the  foUowlng  xalationa* 
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9*1 

KCn)  •    Z  r(qtlf»)R(iiHiO 


q 

-  RCn)  -    £  F(9fl,Di)R(B-B)-F(qfl,«fl)R(ii-(qtl)) 
a-i 


-  0,  npl,. (2.7) 
From  (2.2),  (2.5)  and  (2.7),  we  have 

(  Z  r(q,m)R(B-M)M  £  F(qfl,iB)R(n-B)}-r(q+l,q+l){  Z  B(q,B)R(n-M)) 

-  0,  ii^lt...«qt-l  (2.8) 

F(q+l,a)4'{q,M)-F(qtl#9»l)B(q,a},  wlf...f<l  (2.9) 
JkiMlogottsly*  f^lowlng  ralatloM  an  obtained  in  tha  hudtemad  adiaBai 

B(q4-l«iftfl)-B(q,iii}-B(q4^1,l)F(q,iii},  iipl,...,q  (2.X0) 


As  sho%m  in  the  next  section,  the  prediction  error  filter  is  constructed  by  using  matrices 
{P(q-t-l,q4-l} ,  B(q-«-l,l),  q-0,...,p-l}  which  appeared  in  relationa  (2.9)  and  (2.10).  That 
iBr  thaaa  Mtrlma  are  required  to  oonatEttot  tba  fUtar  and  are  raterrad  to  as  tlie  filter 
paraMtara.   9m  CUtar  paravatara  are  co^tad  by  oaiog  tha  saeuraiva  fonnlaa  «faleh  are 
due  to  Hhittla  (4) . 

The  atodiaatio  duuraetaristloa  of  iJipiife  for  thia  filter  la  gowamad  fay  tlia  eovaxlanoa 
patrijt  S(p)  of  the  final  prediction  error  X(kip) Although  the  final  pradietien  error 
doaa  not  naoeaaarlly  beecne  a  white  noise,  in  general  the  spectral  atructure  of  thla  «nmr 
is  so  flat  that  the  white  noise  approximation  for  this  error  is  possible  from  engineering 
viewpointa.    lliarafora,  tha  atochaatlc  cbaractarlatlcs  of  input  for  tha  filter  la  governed 
by  S  (p) , 

S(p)-E[X(Jc;p)X'  {lc;p)] 

-B[{XUE)-X(kip))x'(k)] 
P 

-  R<0)-    Z   F(q,n)R(>a)  (2.11) 
n-l 
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Aetually*  tha  aqoartt  root  of  diagonal  ooqponent  of  natrlx  S(p)  la  uaed  aa  a  gain  function 
In  tlia  dlroetlon  ooeraapondlng  to  the  diagonal  ooHponant.   Jtoalogonalyt  tha  oovarlanoa 
Mtrlx  of  baekgvQMiid  pradletlon  aitxac  la  ooopntad.    Bspeelall7#  the  covariane*  of  fonmtd 
prediction  error  and  that  of  backMard  one  are  equivalent  in  one  dlweneional  caae. 

ooMSmicTiaM  or  vrbdicxzom  nnoit  fxubr 

In  this  section,  we  will  consider  the  conatCuotlon  of  the  prediction  error  filter. 

As  the  prediction  error  filter  is  based  on  the  wave  matching  in  the  time  domain,  the 
filtpr  is  constructed  by  using  tlie  filter  parameters  induced  in  the  foregoing  section  and 
the  delay  operator  D. 

First,  the  following  notations  are  defined  as  follotfst 

P(n»0}'-X#  B(n(nfl)»I(  nFl#.,.ip 


By  using  these  notstlons  and  tHe  delay  operator  t>*  (2.1)  and  <2.4)  beoow  (3.1)  and  (3.3) 
reapeetively* 


X(ki«)—   E   P(q,n)o"x(k)  (3.1) 

X(k-(q+l);q)=-    I    B(q,n)DX(k)  (3.2) 
npl 


From  (3.9),  (3.10),  (3.1)  and  (3.3),  we  have  the  following  two  relations. 


q+I 

X(Kiqfl)—    I  F(qtl,n)o'^(k) 

n-0 


— P(4+l|0)+    L    (F(q,n)-F(q+l,q+l)B(q,n)iD'^'+F(q+l,q+l)D'**  IX(k) 
1^1 


-X(kiq)-P(«l-l,4fI)X{k>(4fl)  tq)  (3.3) 
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And 

X(k-(g»2>t^l)—  E  B(9i-l,a)D"jC(k) 

q 

— D(B(^1,1)-    £  {»(«,lD-B(q*l.l)F(q,n)>D"*D«**3«(k) 

-DCX(k-  (q+1)  iq>-B{q+l,l)X(k,q)  1  (3,4) 
Where  X(k;0)°X(k)  and  X(k-l;0)-DX(k)-X(k-l) . 

bploying  Bqa.  <3.3)  wia  (3*4)  raeursivily  froot  qaO  to  thrett-dlMiiaional  pradlotlon 

«rror  filter  Is  ocnutxuoted  u  alKMn  In  Pig.  2.    m  tels  flguztt*  tha  dlagoMl  ooppoaent  of 
filter  paraoeters  ragpraaaato  tlta  cbaraeterlatica  of  tlw  oorraaponding  dlractlon  and  the 
off-diagonal  ona  regpraaente  the  degraa  of  correlation  betaeen  the  tao  ooreaponding  dlreetiooa. 

VSBSfJBKt  CnunCIBItlSTICS  OF  PItBDICTIOII  BRMR  FXZABR 

The  noce  the  filter's  order  Increases,  the  nore  the  spectral  atruetore  of  tha  original 
wave  is  absorbed  into  the  filter.     In  the  final  order  p,  the  filter  haa  the  spectral 
envelope  of  the  original  wave  as  the  characteristics  of  the  filter.     The  remaining  spectral 
fine  structure  is  the  fre<^uency  characteristics  of  tho  final  prediction  error  X(kip) . 
Namely,  if  the  final  order  p  is  determined  as  such,  the  final  prediction  error  becomes  a 
vtiite  noise,  and  tiwo  «  abite  nolae  with  the  covarlanco  Matrix  S(p)  could  be  used  as  the 
input  of  the  filter  in  thia  stoctaaatic  nodal. 

The  attteregxaasive  qpactrm  eattwation  pcoeadura  is  oaed  in  order  te  rapreaent  the 
frequency  charaetaristlea  of  the  filter,   vonnxd  prediction  aatrioeef  ±.m,,  regreesicn 
Mttrloea  Tfptti),  idiara  ml,,,,»Pt  exe  obtained  froK  the  filter  paranatere  by  uaing  (2.9> 
and  (2.10) .   Fraa  tlieee  natrleee  and  the  oovarlance  ■atrix  of  the  final  prediction  error* 
the  spectral  envelope  of  the  original  nave,  i.e.  *  the  spectral  densilgr  aatrix  P(g)f  ie 
eatiaated  in  the  foUowiag  form  (S) 

P(g)  =  ^  a"^(z)s(p)[a''(z)]"^,  |g|<it  (4.1) 

where 

p 

A(s)  •  I  -    I    F(p,n)B~",  a-a^dg)  (4.2) 

The  reaonanee  fxaqosnay  and  the  dSNping  ooef f iolent  of  eai6h  vitoatlon  node  appeared 
In  every  direction  ooeponents  are  ccnputed  by  solving  the  algebraic  equation  A(z)=0  In 
one-dinenslonal  case.    In  the  oonplex  a  plain,  the  freqpen^  reaponae  function  of  the 
aeoond  order  syaten  haa 
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1 


2  2 
(■  *2tl  U)  S-Kt)  ) 
n  n  n 


(4.3) 


By  the  transforraation  2''exp(sT)-exp(i9) ,  (4.3)  becomes  (6) 


z'npl  C-h  » +lw»a-hf )«)  (4.5) 
n  n  n     n  n 


K  - 
n 


8in(a)  /1-h  T) 
n  n 


(4.6) 


Aooor<llngly»  tii*  transCar  function  of  thla  ayatMi  haa 


(z-z  ) (z-z*  S (z-z*) (z-(z?)*"^) 
n       n  n  n 


(4,7) 


In  the  actual  ground  motion,   each  of  the  direction  components  of  recorded  wave  has  the 
Spectral  density  £\inction  having  the  product  of  this  type  o£  transfer  function.  There- 
fora*  taking  out  the  factor  of  fburtSi  ordar  snoh  aa  (4.7)  fvoR  tlia  powar  apaotrun  dansl^ 
f unetioBf  tha  Eoaonanea  fraqiiaiiey  and  tha  daiplng  ooaf f Iciant  of  aaeh  vIbcBtlon  noda  ara 
oenpitad.    In    ona  dianalonal  oaaar  tha  xeota  of  tha  diaraetariatle  agoatlon  &(a)"0  aza 
danotad  with  s  .  nplr...rp*   Than,  (4*1)  baocsaaa 


P(g) 


S(p) 


P 
n-l 


(-l>*S(p> 


2ir   H   «*(z-z  )(z-«* 
«    n      n  n 


(4.8) 
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•OiervfoKi**  If  th*  roots  o£  AtB)^)  aco  s   and  s*.  His  ttstox  of  fourth  oxdor  attcb  At  (4.7) 

D  n 

is  sxtraotsa,   itaMly*  whan  A(b)  is  dsoospo— d  with  ths  fsetCHt  of  soeood  ordsr  and  that  of 
first  oEd«B#  tha  easenaaea  fieaqusMiy  and  tha  danpiof  ooaff ieiant  of  aaeh  vitaratlon  aoda 
arai  oonputed  by  using  the  relation  (4.S)  and  the  root  of  the  factor  of  second  order. 
Solving  the  characteristic  equation  A(z)bO,  the  Bairstow's  method  Is  convenient  in  the 
nuMric  conimtation .     In  this  method,  the  resonance  frequency  is  exactly  estimated,  but 
the  Btability  and  the  estimation  of  the  damping  coefficient  are  not  eicpected  to  be  as 
accurate  as  the  estination  of  the  resonance  frequency. 

NKIBBIRIIClkl  MBMIIIICS  OP  PRBDICTXOIt  BRftOR  FILTBfl 

By  repeated  application  of  (3.3),  we  have 

P 

-  Z  r<ii,q)x(k-qtq-l)+X(kip)  (5.1) 
9-1 

This  is  «  basic  sqjuation  of  19ia  pvadietion  exxor  filtor.    Za  this  ssetiont  a  natlwatical 

■aanlnq  of  this  equation  la  discussed. 

By  applying  the  Gram-Schaiidt  orthonomalization  process  to  a  sequence  of  XOc-n), 
n^l,  —  ,p  and  finally  X(k),  an  octtaonoziial  sa<pianrie  is  obtained.    The  flrat  p  orthonoxnal 
random  variables  are 


x(k-nrik-l) 
||x(k-n}n-l)|r 


X(lt-n;n-I)=x(k-n)-X(k-n?n-l)  (5.3) 


X(k-n«iip>l)-  £   (x(k^ii},v<n})v(BO  <5.4) 
wl 

Bofora  tlw  final  atap  of  the  Gram-Schraidt  orthononnalizati'On  procesa  is  applied,  it  is 

necessary  to  find  the  following  relations.     Namely,  as  X(k;n-1)  is  the  projection  of  X(k) 
on  the  n-1  dimensional  subspace  M(n-l)   spanned  by  the  sequence  of  X(k-m),  m=l,...,n-l  and 
}(<k;n-I}  is  the  orthogonal  component  of  X(k)  to  this  subspace,  we  have  the  following 
relations. 
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_  ""1 

X(k}n-1)-   £  (X(k),V(m)}V(mJ, 

i.e. , 

(XOtf n-1)  ,V(ii»-0,  B-n  p  (S.5) 

X(k,n-l),V(m))-0,  iifl,...,n-l  (5.6) 

^gfilying  the  final  step  of  the  Gran-Schmidt  orthonocmalization  process  to  X(k),  a  relation 
ia  olbtAiiiadf 

x<k}4(k}p)'i-x<ktp) 
p 

=   Z    (X(k),V(n))V(ii)-t-xacip)  (5.7) 

n=l 

By  using  (5.6) »  this  relation  is  exp^maed  as  follows: 
P 

X(k)  -  t  ((xae)-X<kfik-l)),V(n»v(n)4^x(k,p) 

p  {X(k;n-l),JC(k-niD-l)) 

-  £   5 — x(k-ii;iirl)<i>x(k>p)  <5.e) 

B-l  ||x(k-nin-l)lr 

This  expression  is  the  finite  Fourier  expansion  of  X(k)  by  an  unaonalAtad  Mq^anea  of 
vector  valued  reuidom  variables  X(k-n;n-l),  n=l,...,p  and  X(kfp) . 

In  one-dimensional  ca.B&,  the  norm  of  2£(k-n;n-l)  and  that  of  X(kjn-l)  are  equal,  i.e., 
the  covariance  of  X(k-n;n-l)  and  that  of  x(k;n-l)  are  equal.    Then,  Fourier  coefficients 
«r«  aqoivalant  to  partial  correlation  ooafflcientSf  l.a.r 

(x(kin-l) ,X(k-n»n-l)) 

r(ii)  •  .  (5.9) 

||X(k|iirl}|(x(k-nfiiPl)|| 
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thftt  ia,  r(n)-r(n,ii>  la  tlM  partial  ooeralation  of  Z(k)  and  zOt-n)  aftar  tiia  affaet  of 
X(fc««)*  iiPl****fii^l  has  bsan  rsnevsd  by  z«gEsssion.    Alsot  ixam  (5.9)  and  Sdniarts 
inequali^t  ths  Kbooliite  value  of  r(n)  is  leas  than  ono  and  this  is  tha  stability  oonditlon 
of  tb*  pradlcDtlon  «evor  filtar  In  ops-di—ns i ona  1  caaa. 

HDMBKECM.  BXMIPCB 

We  first  consider  how  to  determine  the  final  order  p  of  the  prediction  error  filter. 

In  order  to  determine  the  order  p,  the  "An  Infonnation  Criterion"  (ATC)  proposed  by  Akaike 
XB  used  (7).    The  AIC  is  a  criterion  for  obtaining  the  tnaximum  information  about  the  dis- 
tribution of  future  value  obtained  from  the  model.    The  degrees  of  freedom  for  the  niodel's 
jparamater  is  detamined  by  using  the  AIC.    In  this  case,  a  second  order  process  with  zero 

■•Ml  is  trsatsd.  thsrsfoM*  an  Msntical  Gaussian  ^mosss  is  eonsidsrsd.  nhsa*  tiis  Jizc 
is 

JOC  <n)4«ln[d«t{8  (n)  }l  ■t'2M^n  (6.1) 

where  M  is  the  number  of  dinanslon  (8) .   lha  ordar  p  is  tiia  valna  of  a  fdir  Mhidt  tha 
]kIC(n)  is  minimized. 

As  an  original  record  for  simulation,  we  used  the  strong-motion  accelerogram  at  the 
Golden  Gate  Park  site  of  San  Frzuicisco  earthquake   (1957.3.22).    A  nvaaerical  cou^Jutation 
was  done  in  two-dimensional  caser  i.e.,  X^(k)  and  x^(k)  which  represent  the  N-S  cooqponent 
and  the  U-D  one,  respectively.    He  eiqployed  300(*tl)  sainples  with  20  msec("T)  from  the  main 
part  of  aocolsroyraBi* 

Gna^^Las  tha  ebaraotwisties  of  thia  part,  tlia  aaa^pla  qpoetral  danaity  Matrix  Kg) 
was  aatlaatad  hf  tha  fallowing  roUtien  (5) 

1(9) -^8(9}SMg),  |g|<it  (6.2) 

ifhara  2(9)  is  the  samiple  Pooriar  transfbxni 

N 

Z(g)  -    L    x(nT)ajip(-i9n)  (6.3) 
1^1 

ha  tha  spactral  density  oatrls  Is  a  itexmltian  aatrixf  tha  oontoats  axa  represantad  by  tm 
ittaqonal  eoapooants,  and  tha  raal  part  and  tha  ivagiiiary  ona  of  tha  off-diagonal  ooayonant. 
Shay  ara  ahoim  in  Figa.  3-6.-  In  thaaa  Mga.*  tha  tranavana  aula  la  aivsaaaad  in  g/(3ilD 
Ha.   Jbwng  thaaa  four  rigs. ,  Pig.  3  C»>8  ooavonant) ,  Fig.  S  <ee-vaotnnO  and  Fig.  6 
(gandratara  ^paetcia)  show  the  diatinguiabad  apaotml  paaka.    Bat.  Fig.  4  (D-D  eosponant) 
shOM  alaoat  flat  aipoetral  atmetora  so  that  tha  difficult  of  alaulation  for  this  conponant 
ia  expected. 

A  two-dljaensional  prediction  error  filter  is  shovm  in  Fig.   7.     The  final  order  p 
which  was  contputad  from  (6.1)  was  12  within  n>14.    Table  1  is  the  list  of  the  filter 
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paranaters  ototalnad  by  ualngr  tha  zacuraiva  fomtlaa  uhlcii  are  due  to  Nhittla.   the  rala- 

tlatis      .(n)*^,  ,(D)f  f,  ,(n)-b,  ,(n),  »-l,,..,p  aza  found  txvm  this  tabla.   in  oaa- 

■*»•» 

diaanaional  oaaa,  thla  ralatlonahlp  ia  r(n)«f,  ,<n)"b,  ,(n)«  ii^l,...,p.    introdnelng  a 

1*1  ifi 

■athanatleal  aodal  of  nultl^xaflaetian  t^pa^  thaaa  paranatara  rCn)*  DBl,...fP  plw  tte 
role  of  rafleotlon  ooefflelanta.   The  off-diagonal  conponanta  of  aatrleea  F(a,tt)f  BbirDr 
n>l, .. .  ,p  are  so  small  centred  with  unity  that  the  dagraa  of  eerralation  hatwaii  tNO 

direction  components  is  not  conspicuous. 

Corresponding  to  the  components  of  the  Riatrix  I(g)r  those  of  the  estiioated  spectral 
density  matrix  P(g}  which  represents  the  characteristics  of  the  prediction  error  filter, 
are  shown  in  Piga.  3  to  6.  As  a  whole,  the  matrix  P(g)  envelopes  the  matrix  1(g).  But# 
the  final  oxdax  p>12  la  ao  flaall  that  tbm  aaparation  of  npnctral  paaka  ia  net  auffieiant 
in  the  high  frequency  region. 

itM  Input  Cor  thia  filter  ia  qpnthaaiaad  by  naiag  a  tuqaamngM  of  randOK  mnbars  hetween 
aero  and  oa»f  i.a<#  a(ii)«  bpI*....    By  ualag  thla  aaquaam*  tHD*4i]ianalooal  indapeadnnt 
Gauaaian  vhita  noiaa  witii  aaro  naan  and  ona  varianea  ia  obtained  by  tha  following  relatione 
(9), 

u(n)  "  /21n[a(n)l  ain(2va(ni-l)) ,  (6.4) 

v(n)  =>21n[e(n)J  co9(2iTe(n+l))  (6.5) 

Taking  the  oovartanee  aatrix  S(12)  into  oonaidarationr  the  input  fear  tiiia  filter  ia 

z,(ntp)  -  /{S(i2)}2  2v(n),  (d,6) 

X^lntp}  -  /{S (12) }j^^-.{8(12) j{sa2) }2*2«{n)  (6.7) 

♦  {S  (12)      j{s  (12)  (n>p) 

Pig.  8  shows  a  sample  of  synthesized  two-dimensional  wave  during  the  first  four  seconds. 
In  the  following  four  figures,  the  coovponents  of  the  saiqple  spectral  density  matrix  of  tha 
eyntheeiaed  nave  between  the  five  eaoond  and  the  tea  aeooad,  are  ahoMn.   hm  a  «hola»  theee 
oonpooente  envelope  the  eharaeteristlea  of  the  oorreaponding  ooepcnenta  of  tb»  aatinated 
epeetral  denei^  natrix  P(g). 

OONCIiUSION 

In  tha  praaant  report  we  davaloped  a  aetiiod  ftor  ayntheaising  the  artif ioial  aarth- 
quaka  wnvee.   3ha  nethod  uaea  a  finite  Fouxlar  ei^naton  by  uneorralatad  randoM  variable*  • 
while  tbm  other  nethoda  uae  Idle  finite  Ponrier  eiqpanatcwi  by  harwnnlr  functiona.   Aa  an 
advantage  of  this  method,  the  characteristics  of  the  strong-notion  earthquake  wavea  are 
represcmted  by  a  smaller  number  of  parajtieters.    Therefore*  thie  aethod  would  be  OOOWenient 
to  file  a  large  number  of  strong-notion  records. 
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GLOSSARY  OF  SYMBOlf 

■*   Sampling  tlaw 

Mt  Madiar  «f  Mwpla  points 

x(n*V)«  n"l,...*lli    Hagjisnce  of  observad  aeealaration  vaetera  idiieii  asa  aaapliaad  witlt 

the  sampling  tine  T 

X(n),  n>l,...,N!    Sequence  of  vector  valued  Gaussian  random  variables  with  zero  mean 
M(q):    q-dimensional  ixnear  subspace  spanned  by  the  sequence  of  X(k-n),  n"l,»..,q 
X(kiq):    Projection  o£  X(k)  on  M(g) 

X(k>q)«x(k)-x(kiq) t    Pradlotlon  error  of  x(k)  which  ia  orthogonal  to  M(q) 
Bt  )t    Bxpaotatlon  9p«r«tor 

pt    Final  ocdar  of  tha  pradlotlon  atror  filtar 
D«   Dalay  oparatori  D'^(k)-X(k-n) 
It   mit  aatrix 

R(n)-E [X(k)X* (k-nQ,  n^O,l,...:    Sequence  of  covariance  natciooa 

S (q) :    Covariance  matrix  of  the  prediction  error  £(kf q) 

F(p,n),  n"l,...pt    Forward  prediction  matrices 

B(p,n),  n-l,...,pi    Backward  prediction  matrices 

P(n,n),  B(n,l)  »Bl»...«pt   Pradictlon  arxor  filter  paraneters 

'j,k*"*'  ^i.k'"*'  ooi^OBanta  of  F(n,n)  and  B(ntl)»  MnpMtivaly 

Ms   Circular  f  Bognan^ 
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g-uTT:    Noxmallsed  circular  frequMneyr  Ivl^* 

P  (g) :    Spectral  density  niatrix 

z*t    Complex  conjugate  of  z 

h":    Adjoint  matrix  of  A 

(X, Y j^E  IX' V] :    Inner  product  of  X  and  Y 

I  |x||-/(X,X):  M^afX 

V(n),  naif... (pi    SafiMDos  of  OBtfaDnodnMl  'raetoe  «aIiMd  gtaOam  vkrlAbla* 
r(a),  i^lr...(pi    Soqnnes  of  paxtial  oocxslatloii  oooffieimitB 
AIC(  )i   Jia  InfecMttiOBi  oritsrion 
z  (g)  t    Saoplo  apaotral  dansity  aatrlx 
Z(g)t    Sanplo  Wovaeime  transfboi 

{a<n)*  nal*.,.!   SeqiMnoe  of  tm  dlMiwloii  OmtMlan  vaotors  wltli  mxd 
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n 

fll(n) 

b,,(nl 

■■  ^ — 

o.?«e 

0.124 

-o.oos 

O.iM 

O.T4« 

-O.OOl 

0.092 

0.910 

-fl.TM 

-0.100 

-4.010 

*0.tJ] 

-0.71S 

O.0M 

•«.0!0 

-0.6M 

 2  

0.»7 

0.04» 

0.00* 

0.401 

0.)S« 

-0.001 

O.OOC 

0.401 

* 

-0.3*0 

O.IO 

0.0)5 

-0.2M 

-0.M7 

0.120 

0.072 

-0. 26-*; 

 s  

Hj.ni 

-0.002 

O.Oli 

0.0«» 

-O.IU 

0.0«4 

-0.007 

O.OM 

* 

-o.m 

••.OH 

•o.oto 

•O.0W 

•0.110 

•O.OM 

 2  

-o.m 

0.001 

ObOtt 

-0.1M 

0.0M 

^.en 

O.DM 

 !  

-e.'M* 

-0.1M 

•oaoi 

0.111 

•0.0M 

0.070 

•e.oK 

■9Mi 

■«.toa 

-0.00* 

•0.013 

o.on 

-«.1«1 

 — 

10 

0.0l» 

-p. in 

-n.rtni 

n.mi 

-0.043 

-o.tsn 

11 

-O.OJJ 

O.IU 

0.011 

-O.OJT 

-0.027 

0.039 

0.051 

-c.oeo 

.  u 

o.lt) 

0.  Wl 

-O.OIT 

-O.ITI 

-0.0J» 

O.UI 

-o.iai 

T«ble  I  Faraneters  o£  two  dijnensional  prediction  •rxor  filter 


White 

noise  2{(k;p)  x(|<) 


gain 

filter 

t  t 

S^rt  F(n.n).B(n,0. 

n=1#.....p 


Pig.  1  Plltairad  iiliittt  noise  Model 
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S1MEXSTICAI.  ANALYSIS  OF  SIDCWG-HOTION  ACCEI2RATICW  RECORDS 

MuHRltBU  Obaahif  HMdf  ButliqiMlM  DisMtur  PMvwitloii  DivlBion 
toBhlo  XnmBBkl*  Ctilaf  #  GEOund  Viteatlon  Saetlanf  BarthquMlw  Maaater  Pravantlon  Dlviaioa 

SoavBU  wakabaaraahl*  Reaeaxoh  mginaer 
Kea^lohl  takldaf  Baaaarch  teginaar 
All  of  tbm  Filfalie  Utoka  Saaaaroh  Xnatltnta,  Mialatxy  of  Caaatmetian 

ABSTRACT 

This  paper  telaf  ly  diaooaaaa  tha  pcaaant  atatua  of  atrongHK>tion  obaarvatlon  for 
aii9iaaaria9  atruetasaa  in  Japtn,    Haxfe*  it  pxaaanta  tha  xaaolta  of  tlia  aoltlpla  cagraaaion 
aaalyaia  of  301  attoog-aetien  aeealaration  records  to  evaluata  the  effects  of  earthquake 
magnitude,  eplcentral  distance  and  subsoil  condition  on  characteristic  viuriaibles  of  ground 
accelerations  such  as  raaxinum  horizontal  acceleration,  tine  duration  of  major  motion, 
ratio  of  vertical  to  horizontal  accelerations,  etc.    The  paper  also  shows  the  results  of  a 
quantification  analysis  o£  average  response  accelerations  obtained  from  277-coinponent 
horlsontal  acceleration  records  to  clarify  the  effects  of  seisaio  and  aubsoil  oonditioaa 
on  atvarage  reqponaa  apectra. 

FroK  tha  analyala  parfotaad*  ■ivi>'^oal  foznolaa  ahi^  can  atatlatically  aatlnata 
waxiawni  horlaontal  aoealaratlon*  datatlon  of  aajoc  notlocif  and  nuabar  of  saro-eroaaing  in 
taxna  of  aazthquaka  aagBituda,  apioantral  diatanoa,  and  aobaoil  eonditSont  ara  j^Klpoaad* 
Fka^Mnoy  diazaotttiatlsa  of  faarlaon;^  aotioiia  and  ratloa  of  vartioal  to  horiaoatal 
aoeaUcatlena  asa  avaltMtad  and  avaragad  d^pandlng  on  aiibaoil  conditions.  Furtfaananw* 
vcurious  average  raaponse  spectrum  curves  for  a  linear  single-degree-of-freedon  system  ara 
propoaad  In  taroM  of  aartti^Malca  aagnituda,  apiaantral  diatanoSf  and  subaoil  oondition. 

UXHUMUttt    Daaignf  oBxthqaaka  aagiiitadat  apioantral  dtatancay  atatiatioal  analysis i 


3V-48 


Digitized  by  Google 


INTRODUCTIOH 


In  ••tabllahing  Maaonafaltt  pcooaduTM  fbr  Mrthquito  resistant  design  of  struetoses* 
it  BVMS  sssential  to  properly  evmluete  ohareoteristies  of  ground  notloiis  end  straetnxal 

b^vlor  during  strong  earthqpiakes.   A  nunber  off  stxong  notion  acceleiogrvphs  are  installed 

at  various  engineering  structures  and  on  their  neighboring  grounds  in  Japan  to  understand 
dynamic  properties  of  ground  motions  and  structural  responses.     The  strong-motion  observa- 
tion network  for  engineering  structures  in  this  country  has  progressed  significantly 
after  experiencing  the  Niigata  Earthquake  of  1964  and  the  Tokachi-oki  Earthquake  of  1968. 
At  the  present  tine  noce  than  liOOO  sets  of  strong-motion  accelerographs  are  equipped  at 
struotuzes  and  on  grounds  near  the  etructures#  and  many  meaningful  aceeleratioa  reoorde 
ere  elreedy  availahle.   Although  tin  records  triggered  include  tboee  of  stmetural  reqponeeSf 
only  the  reoords  on  ground  surfaces  are  enploved  in  the  present  analysis. 

Characteristic  variables  of  ecceleratioii  records  end  reeponae  spoetral  aeeelarations 
of  a  linear  slngls-degree-of-f resdon  qrstsm  computed  from  ground  accelerations  ore  statisti- 
cally investigated.    Records  used  are  classified  into  four  groups*  dspsnding  on  ths  SidMoil 
eooditions  at  the  observation  stations,  from  rocky  ground  to  soft  alluvial  ground. 

Although  there  will  be  a  number  of  factors  which  affect  characteristics  of  ground 
notions,  three  principal  factors  Blight  be:    earthqttake  magnitude,  geographical  situation 
o£  the  focal  area  o£  a  concerned  earthquake  related  to  th@  structural  site,  and  subsoil 
condition  at  the  site.    Accordingly,  in  this  study,  characteristic  variables  of  ground 
eoeeleratlens  are  statistioally  analyzed  in  tezas  of  these  three  faetom.    It  la  ei^eoted 
that  tba  results  of  ths  analysis  .will  give  the  deslgnttr  invaluable  inforaaticn  ehen  per^ 
foming  seisnie  design  of  structures. 

the  study  sfaoim  in  this  paper  «as  perfocmd  aa  one  of  eoqpr^Maaive  work  done  in  the 
Aeelsndo  Vsehnology  SeveloEnsnt  ODsnittee  estahliahsd  at  the  Veduiology  Center  fbr  National 
Land  Development  with  a  connission  from  the  Public  Works  Research  Institute.    Kbe  results 
from  the  study  are  utilized  as  basic  materials  in  standard  design  seismic  forces  and 
seismic  loads  of  "New  Criteria  of  Earthquake  Resistant  Design  (Draft),**  (1,2)  proposed  by 
the  Ministry  of  Construction  in  Heurch,  1977. 

OBGnKKTIQH  OV  SSmilS-NDTiaH  EARTHQQAXBS  AT  SNeiHBBimiS  STIOXIIDRBS  HI  JASJUI 

In  Japan  the  observation  of  strong-motion  carthqviakes  for  engineering  structures  was 
initiated  when  SMAC-type  accelerographs  were  developed  in  19S3.    The  observation  network 
has  gradually  advanced  since  the  experiences  of  severe  structural  damages  due  to  the 
Niigata  Barthquake  of  1964  and  the  fOkae!hi-olci  Bartbqnake  of  1968.   As  of  Kartih,  1976.  the 
total  ntariber  of  Smc  eccelerograplw  installed  on  various  struetures  end  neiftfiboring  gzeunds 
is  1048*  as  ahsen  in  Fig.  1  and  Table  1.    It  is  believed^  however,  that  additional  aeoelero- 
grephs  are  needed  in  order  to  obtain  reliable  records  for  eajor  earthquakes  which  night 
teke  place  in  aiqr  areas  of  jbhis  country. 

At  the  present  time  about  one  third  of  the  installed  accelerographs  are  on  the  ground 
surfaces,  and  the  reat  on  structures.    Fig.  1  illustrates  the  present  network  of  sttong- 
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motion  observation  for  various  structuros.    These  Instruments  are  generally  installed  by 
individual  organizations  such  as  governinental  agencies  and  private  companies  which  axe  in 
chairge  of  construction  and  maintenance  of  the  structures. 

Xn  addition  to  the  stations  with  strong-notion  accelerographSf  there  are  a  number  of 
•tatlooa  nhartt  alMjil  riwnnjnal  li   l       aeisnogrqplia  arm  aquipped.   Kotmovax,  dynanio  hthacv^ex 
of  subsoils  during  •srthtnakss  Is  also  boias  stoAlod  using  dowiliolo  saiamvtora  at  savaral 
points  (aosis  at  d^tiis  gvsathar  than  100  ■}  as  well  as  using  stwdaxd  sslanKantar  and  SMHC 
aocslsrograpli  iMasarsMnts  on  the  surfacs.   Tliess  studies  will  provide  pertinent  inConatloo 
for  Mtabllshlag  seltfOo  design  nethodology  of  engineering  strueturea. 

■eeoKds  eMained  f son  these  field  study  pcograns  have  bean  published  perindlqally  by 
institutions  concerned  (3).    Records  obtained  at  port  and  harbor  structures  are  digitized, 
analyzed  and  published  at  the  Port  and  Harbour  Research  Institute.    Records  triggered  at 
highvay  bridges,  tunnels,  dams,  and  embankments  are  processed  mainly  at  the  Public  Works 
Research  Institute.    Furthermore,  records  at  building  structures  are  treated  mostiy  at  the 
Building  Research  Institute. 

lneldantally«  In  oxdar  to  prosDto  the  strong^aotlon  obssrvntton  program  in  Japem,  ths 
Stroog^tlon  Observation  Oooneil  is  establi^ied  at  the  National  Maseareh  Center  for 
Disaater  Pmvnntionf  sclmee  and  Tiadnology  Agmpyt  with  ths  ooQperntlon  of  anlversltles« 
govnranentnl  ttganisatlons*  poblie  oozporntions,  and  private  oonpaneis.    The  oomoll  has 
bean  pceparing  a  nationMide  stzono^«otion  observation  ^»gran«  and  also  has  been  puiblishlng 
Inportant  aooelnratlon  reoords  oolleeted  f ron  all  field  studies  covering  the  abovoHaentlmed 
struotures  and  ottisrs. 

jMRursxs  or  jkoasaKfioii  noons 

K  statistical  analysis  of  measured  accelemtlon  records  was  attempted  to  quantitatively 
express  characteristic  variables  of  ground  motions  as  functions  of  seismic  conditions  and 
subsoil  properties  at  the  observation  point.     Records  analyzed  were  extracted  from  the 
publications  issu^  by  the  Earthquake  Research  Institute  of  the  University  of  Tokyo,  the 
National  Research  Center  for  Disaster  Prevention  of  Science  and  Taebnology  Agency,  Port 
and  Kaxtaour  Reseaveh  Institute  of  the  Ministry  of  Tranvort,  the  Vublle  Works  Haaaarcb 
Institute  of  the  Minlstxy  of  Oonstroetlon.  and  the  RaHNuy  Tedmloal  Research  Institute  of 
the  Japanese  Hational  Railways. 

tbm  prasont  aDBlysls  ai^lorad  those  records  which  were  obtained  during  earthquakes 
with  tihs  Siehter  nagnltnde  of  5.0  «r  higher  and  the  hypoeentral  depth  of  60  km  or  Shallower, 
and  also  those  records  vhleb  include  at  least  one  record  with  the  naxlaum  acceleration  of 
50  gals  or  higher  for  an  earthquake.    Records  with  the  maximum  acceleration  less  than  10 
gals  wBxe  excluded.    The  total  number  of  the  records  used  is  301  (the  nunber  of  cosiponents 
treated  is  3  x  301  -  903)  for  51  earthquakes. 

Factors  considered  in  the  analysis  axe  as  follows: 
(1)    Seianlo  properties »    Htohter  magnitude  M,  epioentral  dlstanoe  L  (kn) 
(2>    Subsoil  conditional   Observation  stations  are  classified  into  the  following  four 

grocps  depending  on  eUfaaoil  eonditiens#  with  reference  to  the  stipulation  in  "^eciflen- 

tlcns  Cor  Sarthgcehe  Heeletaat  Design  of  Bigbway  Bridges,'  Japan  noad  Aaaoolatlon  (5,6). 
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lat  Ozoqpi  Itoek 
2nA  Oxoqpi  Dlluvina 

3>a  OKoqpa   JUlMviai  (BMoast  tlM  4th  Group) 

4th  Group:    Soft  Alluvium 
The  definition  of  this  classification  is  described  in  Table  2. 
(3}     Characteristic  variables  of  acceleration  records: 

(a)    Absolute  maximum  horizontal  acceleration  (larger  value  of  two  perpendicular 


horizontal  motions)  t  q^^(gals> 


(b)  Period  of  vibration  about  tiM  tiaa  iihaiik  aoealaraition  b«eoaa«  H^^;  T^(sec) 
<c)   Duration  of  anjor  Mtloni  V^(ooo} 

<d)   latlo  of  Tortlcnl  to  faBrlaontal  aeeoleratioaai   v»v  h 

max  max 


<•)   Hoabor  of  aoro-oroaning  during  tbe  tiae  interfml  of  T.i  « 

Q  m 


(f)   Mean  paaeiaA  of  vibration  dving  tiw  tiM  iatarval  of  T^i  *,*2!r^^ 

Hm  datatwlnarioni      ttm  above  cdMueaetarlatio  variablaa  era  tUaatrated  in  Pig.  2, 
of  tlia  tihacaatariatiea  valaae  (aiviraaaod  as  X  below)  mm  aaaoMd  to  be 
fUloHlng  two  i^pea  of  eivreaaionai 


Typa^lt  z  -  aj«l0**l**«A''l  (l> 
Type-2;    X  -  a,  +  b^N  -f  CjA  (2) 


where  X  »  characteristic  value  (namely,  H     ,  T  #  T  ,  N  ,  and  T  ) 

max     X     a     a  n 

N  ■  earthquake  nagnitude  on  the  Richter  acale 
A  ■  apieantral  diatanea  (ta) 

a^,  b^,  c^;  a^,  b^.      m  conatanta  for  aaoh  efharaotariatio  value 

Iba  analyaia  mm  oondnotad  for  five  diffecaat  eaaaa,  naMly  fear  grovtps  of  aubaoU 
oonditiena  plna  tba  avaraiia  aofeaoil  oondltloBa  laolttdiag  tbe  entire  data.   In  detacadniag 
the  aapraaeione  for  only  eq.  (1)  waa  iavaatigated  and  tba  taiw  A  in  eg.  (1>  waa 

adbatitated  by  <M^),  abara  A^  vaa  taken  aa  0,  10,  20,  30  and  40  kn. 

table  3  iadioatee  tbe  dietribotien  of  301  rececda  uaod  in  tbe  analyaia.   TabU  4 

shows  foKMilatad  regraaalon  eqioatioaa  and  correlation  ooefficiente.   These  are  Obtained 

from  the  analysis  Isased  on  the  multiple  regression  analysis.    The  table  shows  the  results 

for  three  characteristic  viQues  H      ,        and  H  ,  and  it  is  seen  that  multiple  correlation 

max      d  z 

coefficients  are  greater  than  0,5.    Since  correlation  coefficients  for  expressions  of 
Type-i  were  generally  greater  than  those  for  Type- 2,  the  results  for  only  Typ«-1  were 
fenarally  greater  tiian  titoaa  for  Type-2,  the  raaulta  for  only  Type-l  era  ataomi  in  the 
table.   Althauf^  tiaa  oacrelation  ooaff ieiant  waa  ti»  largaet  in  tbe  eaaea  of  Ag*10  kB 
aaeng  tbe  five  eaaae  analysed  (lablo  3) ,  h      aqaatioaa  in  MbU  4  anra  for  tba  eaaaa  of 
A|^«0  for  aiapliei^.   riga.  3(A)  to  (I)  iUuatrata  the  eivraeeiona  for        in  the  oaaae 
of  A^"0  aa  ftactiana  of  N  and  A  for  the  four  groiva  of  adbaoil  ocaditiona  and  tba  average 
nabeeils* 
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ha  tot  tha  otiwr  tiir««  dMractarlstle  ▼alma  T,«  v  and  t  ,  tha  anltlpla  cocralatlon 

1  n 


ooafficients  are  found  to  ba  leaa  than  0.5.   Thia  naana  that  thero  la  no  dlatiaet  relation 
tmaug  thaae  veluea  and  M  and  A.   ZOr  tliaae  variaifalea  the  maan  valuea  and  the  atandazd 
devietione  are  evaluated*  and  ace  liated  in  fable  S. 

The  results  of  the  analysis  described  above  may  be  sumraarized  as  follows: 

(1)  The  maxinum  horizontal  acceleration  (K ^^^^j  the  duration  of  major  notion  (T^) ,  and  the 
number  of  zero-crossing  (N^)  can  be  approximately  expressed  aa  functiona  of  earthquake 
magnitude  and  epicentral  distance,  as  sho^m  In  Table  4. 

(2)  The  s&axiioum  horizontal  acceleration  i^^Q^'  becomes  larger  as  the  earthquake  magnitude 
(M)  increases  and  the  epicentral  distance  (A)  decreases.    The  average  values  of  H^^^ 
for  IN8  and  i^SO  lai  axe  eatianted  to  be  130,  270,  300  end  400  qalm  for  rode,  diluvln. 


eUuviias,  end  aoft  ellnviun*  respectively.   The  oocceeponding  valuea  of  H  foe 
and  A-lOO  kn  are  eatiaated  to  be  es,  150,  110  and  200  gala,   ihe  deoreaae  in 
valuee  with  Ineceaae  la  the  epioantral  dlatanoe  la  not  conaldecAble  for  cock  eoaviBred 
with  the  other  three  eidMoile. 

(3)    the  duration  of  major  ootione  (T^)  defined  in  Fig.  2  becomes  greater  as  the  earthquake 

magnitude  (M)  increases  and  as  the  epicentral  distance  (A)  increases.    Fig.  4  (A)  and 

(B)  show  the  relation  between  A  and  T,  for  M=8,  and  the  relation  between  M  and  for 

d  a 

A»100  km,  rcgpoctively.     It  is  seen  from  those  results  that  the  duration  of  major 
motions  is  between  10  and  30  seconds  for  ground  motions  of  earthquakes  with  the 
Richter  magnitude  between  7  and  8  at  the  epicentral  diatance  of  100  km. 


(4)  Ihe  relation  between  the  nvadier  of  Bero-croaalng  (N  )  and  the  epicentral  dtatanoe  (A) 

z 

ia  conaidacebly  affected  by  subaoil  conditiona.   thm  valne  of  n   inereaaee  with 

Z 

incxaaae  in  A  for  harder  grounda  aneh  aa  redgr  and  diluvial  aoile.   Vte  softer  aoila, 
it  aaena  ttiat      la  affected  by  M,  but  not  by  A.   iSie  noAer  of  repetitiona  of  nejor 
notione  (N),  whicAi  can  be  eppgeatlMately  H./2,  ia  30  to  100  for  varione  e«beoil  conditiona. 

(5)  The  period  of  vibration  about  the  time  of  occurrence,  T^^the  ratio  of  vertical 

to  horizontal  acceleration,  v,  and  the  mean  period  of  vibration  during  the  major 
tnotion,  T^,  are  not  clearly  related  with  M  and  A.    The  following  two  points,  homver, 
can  be  seen  from  Tables  4  and  S. 

(a)    The  a»an  values  of  T,  aai  T.  become  larger  as  the  subsoil  condition  becomes 

X  o 


eofter.   Thia  tendency  i>  obviou  for  eoft  alluvial  aoila.   The  ratio  of  T^  to 


T   varlaa  txan  1.20  to  1.2€,  and  theee  ratioa  are  nearly  eonatant  irreepeotive 

m 

of  the  eobeoil  eenditlona. 
(b)    The  Man  vmluea  of  t  being  0.32  to  0.34  are  not  atzongly  affected  by  the  aubaoil 
conditiona*    Since  the  atandard  deviation  ia  in  the  ranga  of  0.15  to  0.21,  it 

may  be  reasonable  to  assume  that  the  vertical  aooeleration  ia  equal  to  one-half 

of  the  horizontal  acceleration  for  design  purposes.     Fig.  5  illustrates  an 
example  of  the  relationship  between  A  and  v.    In  the  £ig\ire  the  mean  value  of  v 
is  equal  to  0.32. 
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The  Port  and  Harbour  Research  Institute,  the  Ministry  of  Transport  and  the  Public 
Works  Research  Institute,  the  Ministry  of  Construction  have  been  conducting  response 
spectrum  analysis  for  major  ground  notions  obtained  at  various  ground  conditions  during 
nta  to  atxoog  MrtihqMkM  (7rS>.    the  preM&t  aaalytis  dlaousMS  tfat  £Multa  of  tte 
qpvetra  aiuilyals  parf ocnad  at  tlM  two  matitutea  fox  277  horiaofital  eeifpaiMBta  e£ 
gramA  notloina,  ulilah  vara  trlggarad  during  68  aarthguafcaa  with  tha  Hiditar  Mgnltvda 
hatwaan  4.$  and  7.9  anA  iha  Ivpooaittral  O^th  of  60  kB  ok  aliallowar. 
raetoKs  oonaidaKaa  in  tha  analysia  ara  aa  fblloaat 

(1)  Seismic  propertioBs   BttrthQuako  Mgnltiidft  on  the  Hicihtar  aoala  K,  and  iplaaiitEal 
distance  A  km. 

(2)  Subsoil  conditions:    Observations  are  classified  into  four,  in  the  same  manner  as 
they  were  in  the  previous  section.     (See  Table  2  for  the  definition  of  the  classifica- 
tion of  subsoils.) 

(3)  charaetarlatie  varlabiLaa  of  aeoalantian  rscxjzda  and  thaiz  raaponse  spectral  valuaai 

(a)  MaxlannD  horlaontal  aeoal«ratlon  (t«o  pa^andioalar  coavonanta  for  ana  raoocd)  i 

A  (gala) 

max  ' 

(b)  MMOlute  ra«panaa  aec»lanition»   8,^  (gala) ,  «hioh  ia  aoapatad  frcw  digltiaad 
waioae  of  triggered  raoozda  fay  aaavailng  a  linear  vlaconaly  danpad  aingla-dagree-of- 
fxaadoB  «yat«i  with  tha  natural  period*  T  of  0.1,  0.15,  0.2,  0.25,  0.3  ,  0.35,  0.4, 
0.5,  0.6,  0.7,  0.8,  0.9,  1,  l.S,  2,  2.5,  3,  and  4  aecoada  and  the  dai^lng  ratio  h 

of  S%  of  critical. 


In  aatiaating  8^  and  \^  the  analyaia  assimes  the  followingi 

(1)   A  quantification  analyaia  can  ba  applied  to  tho  eatination  of      in  tazna 


of  oarttiqtiialie  Mgnitude  N#  apicantral  dlatanee  A,  and  snbaoil  oonditlona  S, 
by  aaanlng  an  oaqpraaslon  aa 


log^g  8^  -  COD  *C  (A)  +  C(8)  (3) 


where 


S.  ~  estimated  value  of  (gals) 

C(M),  c(&),  and  C(S)  «  weighting  functions  depending  on  H,  L,  and  S, 
respectively. 

(li)  A  quantlCioatioa  analysis  om  ha  aiao  applied  to  tha  eatiaatlaB  of  la 
of  the  three  faotoca  need  above  by  aaawlng  an  aspraaalon, 


^kAmk  ■  ®*      ♦<:•«)  +  C  (S) 
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Jt>^^  •  estlMtad  valoB  of  Jl^^  (9«lo) 

C*(M),  C*(A)v  CMS)  -  Mlt^tiug  fimetiotta  dai^aadlikg  on  A,  and  8, 
reapoetltwly* 


ClaMification  of  277-0QBipcm«nt  raoords  aiqployecl  In  tbm  analyaia  ia  ahaM  in  Tablaa  fi 
and  7.   Magnltnaaa  N  la  tha  tablaa  ara  inrogularly  dividod  into  fiva  (jMopa  with  eonsid«ra- 
tion  of  tha  aeattar  in  tha  data  tiaad  and  alao  oonvanianea  of  peaetieal  agplleatlon  of  tha 
raaolta. 

Vabla  8  ahoOT  tlia  raaults  of  tha  qaantlfication  analyaia  for  and  lista  tha  rangas 
of  tha  mlghtiag  funetiona  C(M),  C<A),  and  c(8)  in  Bi.  (3) .   iha  tahla  aUn  givaa  tba 

multiple  correlation  ooafficienta  of  these  three  functions.    Furthermore,  Figs.  6  to  9 

illustrate  the  response  spectral  curves  (T  and       relation)  which  are  obtain*?'!  from  rabla 

8.     In  theae  figures»  the  jnaxtmum  values  of  ground  acceleration  A        whi[:h  are  aJso 

max 

estimated  from  the  quantification  analysis  are  tabulated.  From  these  zvo  types  of  informa- 
tion, the  acceleration  oiagnification  factor  3  {■  S,/A      )  can  be  evaluated.    The  values  of 

A  max 


'nax  '^'^^  heref  however,  may  not  be  used  for  the  estimation  of  tha  ahaoluto 

haviaoBtal  aeealwatlena  (h      ,  but  fbr  tJM  aatination  of  0,  thMa  valoaa  amr  faa 

max 

For  oatiaatlng  h       tha  raanlta  daacribad  in  tha  pzanrloiia  aoetlon  my  ha  anptoyad. 

max 

Oagreaa  of  tha  affaeta  of  tha  thraa  faetocs  Ol,  A,  and  s)  on  ^  are  ahoim  in  Pig.  10, 
by  Indioating  tha  variation  of  tha  xangaa  of  CM)#  CCA),  and  C(8)  with  T.   On  the  othar 


hand,  rig.  11  ahcnm  an  aacaapla  of  teaqnanay  diatrlbutiaa  far  277  valoaa  of  8^/9^  (tha 

ratio  of  response  spaetral  accelerations  computed  directly  fron  tha  neasured  records  to 
those  estimated  by  the  results  of  the  quantification  analysis)  for  the  natural  period  of 
T-0.6  seconds.    Shapes  of  frequency  distribution  of  S^/Sj^        the  other  natural  periods 
are  found  to  be  siiEiilar  to  that  of  Fig.  11. 

Fn»  the  analysis  shown       above,  the  foUawing  aignif leant  points  oan  be  madat 


(1)   vninaa  of  S^^  at  tha  aaaa  apioantxal  distanoa  inevaaaa  with  Ineraasa  in  tbm  aarthquaka 


(3)   Valnea  of  8^^  for  tha  same  sarlliqnaka  nagnltuda  doeraasa  as  the  spioantral  distsnoe 


{3}   Aa  for  tha  offaets  of  sobsoil  cendittons  on  S^,  tha  offset  en  took  ground  is  oonsldaarably 

dlffavent  from  those  on  the  other  three  subsoil  ecoditions.    Values  of  S.  for  xoA. 

A 

are  smaller  than  those  for  the  other  subsoils,  except  for  the  subsoils  with  the 
natural  periods  shorter  than  0.3  <nPconds.    For  the  range  of  comparatively  longer 
periods,  the  values  of        tend  to  bacoKia  larger  for  softer  subsoils. 
(4)    The  shapes  of  T  vs.        curves  do  not  change  much  with  the  variations  of  H  and  A.  It 


Is  aqpposod  fcsai  figs.  8  to  9  that  for  tha  ranga  of  longar  natural  parlods  tha  valuas 
of  B  will  inoraaaa  aa  M  haeoaaa  greater,  and  as  A  faaeoaaa  leogar. 
(S)    Jmong  tha  affaeta  of  tha  thraa  faetorSf  aarthguaha  nagnltuda  (IM.5  to  7.9) »  apiAantral 
distanoa  (dpS  to  40S  kn) ,  and  aufaaoll  eondltion  (toek  to  aoft  allwiin} »  tha  offaets 
of  N  asa  found  to  be  tha  greateat  for  tha  antira  ranga  of  natural  jparloda*  Tbm 
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effects  of  h  are  closB  to  those  of  M  for  Che  shorter  period  range,  and  become  small 
for  the  longer  period  range.  The  effects  of  subsoil  condition  are  amall  in  cooparison 
with  thoM  of  M  and  t  for  tho  entlxe  period  rwigie.  This  may  be  zttMOiBabl*  froB  tho 
fact  that  tlw  ranges  of  K  and  &  are  faotik  oonoldocably  larfa.  Zt  is  noted*  however* 
that  for  tbft  range  of  Idte  periods  betMoen  O.S  and  2  sooonds  Affects  of  stibaeils 
baooais  ratlwr  gtrntft. 

(6)  Molttpls  eorrslation  ooefflelants  In  the  quantifloation  analysis  of      vazy  between 
0.53  and  0.72.   Ihe  eoeffloients  ganarally  beooM  larger  as  the  natural  periods 

become  longer.   Multiple  oorrelation  ooeff Ident  In  the  analysis         is  ivproxiaMitsly 

0.6. 

(7)  Frequency  distribution  of  S^/S^  does  not  vary  much  with  the  change  in  natural  periods. 
In  view  of  this,  it  may  be  possible  to  stochastically  assess  design  seismic  forces  in 
consideration  of  the  iniportance  of  structures. 

The  results  dsserlhed  so  far  are  for  the  ease  of  the  danping  ratio  of  IipO.OS  only. 
Values  of  8^  for  dai^ing  ratio  other  iJian  0.05  can  he  vproxinately  eettaated  by  nultiplyinig 
the  values  of      for  b>0.05  by  c^^  shoim  In  Vig.  13»  «hi^  are  derived  fro*  the  prevloas 
investigation  {9fi0)- 

As  an  estMple  of  use  of  the  results  jAotm  above,  lot  us  estiaats  ths  average  responso 
of  n  structure  with  t3ie  natural  period  of  T  ■  0.35  saoonds  and  the  damping  ratio  of  h  ■ 
0.1,  when  subjected  to  an  earthquake  with  the  Richter  magnitvide  of  M*7.5  tO  7.9  and  thS 
eploentral  distanae  of  A-60  to  120  kn.    Fxan  Fig.  9(C}  and  Fig.  12, 


8.  -  S-   (T-0.35  sec,  h-0.5)  x  C.  (h-O.l) 
A       A  a 

•  C200     30B)  X  0.78  *  (156  *  240)  gals 

The  value  of       varies  depending  on  the  subsoil  conditions  at  the  site  of  the  structure, 
being  156  gals  for  rock,  211  gals  for  dllluvium,  2-10  gals  for  alluvium,  and  2.34  fals  for 
soft  alluvium.     Response  accelerations  of  structures  with  different  dynamic  properties  can 
be  estimated  in  the  simileur  way,  depending  on  the  earthquake  magnitude,  the  epicentral 
distance,  and  the  subsoil  condition. 

It  tfbould  be  noted  that  in  the  above  analysis  the  struotortts  are  assuned  as  linear 
systana  %rith  viscous  daqplags*   A  siailar  analysis  for  nonlinear  stmctores  may  be  neeeesi- 
tated  in  the  suooeeding  staps. 

CONCUDSXCilS 

The  following  renarlf  nuty  be  nade  aa  the  ooaelusions  of  the  etatietieal  analyses  of 
strong  aotion  records  Measured  in  Japan. 

(1)  The  ainolute  naxinmi  horiaontal  aoeelsretioii,  the  dnratlan  of  najor  ■otlaas,  and  the 
mB(ber  of  zero-crossings  can  be  approximately  evaluated  as  functions  of  the  earth' 

quake  magnitude  and  the  epicentral  distance,  find  the  subsoil  conditions. 

(2)  The  mean  value  of  the  ratio  of  vertical  to  horizontal  accelerations  is  found  to  be 
around  1/3.    The  ratio  may  be  conservatively  taken  as  1/2,  for  design  purposes. 

Metz  F.ifcrenc^  Ko^ra 
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(3)  Response  spectral  curves,  by  which  structural  response  accelerations  can  be  estimated 
in  terns  of  earthq[uake  magnitude,  eplcentral  distance,  and  subeoil  conditions,  are 
proposed. 

(4)  Among  the  three  factors #  the  earthquake  magnitude  K,  the  epicentraX  distance  A,  and 
tfas  snbsoil  ooBJltton  S«  mhlch  affect  tb»  rrngpooM  aooalsration  of  »  stmetur*  during 
an  sarthgiMiks,  ths  effects  of  M  are  found  to  be  ths  greatoat.   Tlia  affaota  of  L  are 
oloaa  to  tiioaa  of  H  for  tha  ranga  of  ahortar  natural  parlodar  and  becooe  aaallar  for 
til*  rang*  of  longar  natural  parioda.   sfaa  affaota  of  atibsoil  ooctdltiona  are  ooapara- 
tlvaly  aaall/  but  baoona  ooaiparatlvaly  larga  for  tiia  ranga  of  aattucal  parloda  batwaan 
0.5  and  2  seconds.    It  is  remarkable  that  response  acoalarations  for  the  raaga  of  tha 
natural  periods  batMaan  0.5  and  2  aaoonda  baooae  larger  as  tha  aubsolls  baooBa 
softer. 

(5)  The  results  presented  in  this  paper  would  be  useful  in  evaluating  the  characteristics 
of  seismic  forces  and  seismic  loads  for  the  earthquake  resistant  design  of  structures. 
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Table  1   Minbcr  of  Strong^fotlon  AecBlatographs  (8HAC-Typ*) 


(»>  of  Match.  1976) 


tiwt«U«d  si.  '  ' 

AC  StnifitwcM 

On  tesMida 

Total 

Buildings 

472 

M 

tw 

166 

ftAllwayA 

]« 

57 

95 

Porte 

31 

56 

»« 

0 

M 

mm  rlmti 

27 

11 

30 

Mielaw  Vmmt  IImu 

20 

41 

* 

10 

19 

u 

» 

43 

Scmrac*  tudw 

3 

7 

Otb«Ta  (Tunnel*,  Subway*, 

10 

IS 

Total 

730 

n» 

1.041 

Tkble  2  DcClnltlon*  of  Claosif  icatlon  of  Subioil  Oondttlona 


Catafory 

Daftnit tona 

AbbrveiaCtmi 

1 

(1>    Grovnd  of  tha  Tartlary  era  or  older  defined 
«•  baArocIc  lwr«*fc«r  In  tM«  eabl* 

(2)    Diluvial  layer  wlih  depLh  less  Lhaa  10  mecera 
ateva  bateaek 

Roeb 

II 

(1)  Diluvial  layar  with  dapch  graatar  than  10 
aatert  ateva  liaJtuali 

(2)  Alluvial  layer  with  depth  lea*  than  10  netera 
•tova  badmk 

Dlluvlu* 

(Dil.) 

III 

Alluvial  layer  vith  depth  lem  than  2S  aetert, 
which  baa  aoft  layec  ulch  dapih  lea*  than  5  netei* 

Alluvlia 
(All.) 

IV 

aaCciv  Cham  tka  above 

Soft 

AlluviuB 
(S«ft  AU.) 
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nible  3*   ClMstf  leatlon  of  Ml  Bacords  AnaXjtui 


Magnitude 

Eplcentral  Distance  A  (km) 

Total 

H 

CoodltiOD 

20<A 

2(tfA<60 

60t6<120 

12(tfA<200 

2006A 

Rock 

2 

3 

3 

5.0ilK6*0 

DU. 

3 

12 

3 

18 

65 

4 

16 

5 

2 

2 

29 

Soft  AU> 

2 

5 

7 

1 

15 

Rack 

3 

6 

3 

1 

13 

DU. 

7 

8 

2 

1 

18 

81 

All< 

12 

13 

8 

1 

34 

Soft  All. 

3 

6 

6 

1 

10 

Mock 

1 

Z 

1 

J, 

4 

ou» 

1 

6 

6 

13 

62 

All. 

1 

5 

10 

10 

1 

27 

Soft  All. 

• 

1 

4 

9 

4 

IB 

Rock 

1 

3 

4 

7.0iH<7.5 

DU. 

2 

12 

14 

40 

All. 

2 

14 

16 

Soft  All. 

1 

1 

5 

7 

Bock 

1 

2 

3 

7.5^7.9 

Dil. 

3 

8 

11 

50 

All. 

2 

6 

16 

24 

Soft  All. 

1 

11 

12 

Total 

12 

69 

74 

64 

82 

301 

lot*.  1)   Ivabon  of  roeordo  for  four  aiibaoll  eoDdltleoo  oro'29  for  reek,  74  for 
dUvvlwti  130  for  slluvluB,  ud  66  for  oof t  oUwrlua. 
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Table  4    Regression  Equstlons  for  Hgwxt  ^^<^ 


SiAaeil 

Partial  OwralatiM 

Coefficient 

Hultlpl* 

Cor  rv 1a  t  i  on 

V«lu* 

CoMllKlOe 

Magnltuda 
H 

Eplecntral 
Pletaae* 

A 

Coafllclant 
r 

Rock 

Hmax  -  28.5  X  lOO-^O'Ni 

0.33 

-0.47 

0.48 

oil. 

Hms  -  i3.2  X  IC1O.33OM,  .-0.806 

O.iO 

-0.59 

0.S9 

1  

AU. 

1^  •  92.1  »  1<|0-U4I^  A-0.7}7 

0.A7 

-«.tl 

0.C1 

Soft  All. 

Hmx  •  6.5  X  10<'-*"»*x  4-0.977 

0.65 

-0.72 

0.7: 

Total 

K„,x  -   16- 4  x   inO-502M,  .-0.8C1O 

0.51 

-0.62 

0.62 

Mcli 

>                          A      A  B                          A  AAA 

-  3.W  MKT*  X  loO***"*  *<»•»• 

O.M 

0.A0 

0.09 

Ml. 



0.29 



0.2A 

0.71 

All. 

L 

Td  -  J.7S  x  10-J  X  loO-Wi'lx  40-2« 

0.37 

- — ■-  - 

0.17 

".fl 

Soft  All. 

Td  •  2.28  X  10--  X  100-199>'x 

n.lb 

0.52 

Total 

Id  •  2-oa  s  10-2  X  loO  "*Mx 

0.32     1  0.23 

0.6» 

«■  •  t.o  » iflr»  X  io«>'*i»V  a'-*** 

0.A1 

 1 

0.21 

u  

0.7S 

Dil. 

M        J   1-.                  .  .0.681 
Nt  •  4.23  X  10  *  X  10"-*"""S  i"'""* 

0.11 

0.35 

0.  66 

All. 

»l  -  6«»  II  Iflrl  X  l<^.27»i  A«>  «»13 

0.39 

0.02 

0.W 

Sett  All. 

Us  -  A.09  X  iq»'l«0"li  rO-OAM 

0.22 

-O.OA 

0.29 

Tecel 

It.  •  A.M  1  lOrl  X  a"-"' 

— ^   

0.30 



0.12 

O.SA 

Tabl«  5.    Avvagfts  And  SUudard  Deviations 

of  Ti,  V,  and  SuibMoll  Tn 


■MkMAl  CMdtdaa 

'  Atluvlua 

Soft 

*««•■• 

0.M 

0.4* 

0.49 

0.73 

>.D. 

0.S> 

9.S9 

O.M 

0.41 

t 

Avcrat* 

O.M 

C.  5) 

0.3: 

S.D. 

0.15 

0.18 

Q.W 

0.21 

AvtT«g» 

0.30 

ft.  IS 

o.w 

0.61 

S.D. 

0.3« 

1  

0.22 

0.3J 

1.20 

1.24 

1.24 

1.23 

llM«i   U   ».».  -  «lnd«rA  tailattOT 
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Table  6.    ClaMlficatlon  of  277-Conpoocnc  Records  for  the 
Keapenee  SpecCna  Aaelyel* 


MagoiCode 

Subaoll 

Epicentral  Distance  t  (kn) 

Total 

K 

Coodlelon 

A<20 

206&<60 

60&A<120 

120^<200 

200i& 

Rock 

6 

4 

10 

Dll. 

A 

10 

14 

oO 

All. 

12 

B 

a 

2 

30 

Soft  All. 

6 

Sock 

4 

2 

6 

S.4&H<6.1 

Oil. 

4 

4 

4 

12 

48 

All. 

2 

12 

« 

20 

Soft  All. 

4 

2 

4 

10 

Rock 

6 

10 

6.1tH<6.ft 

Dll. 

4 

4 

2 

10 

102 

All. 

4 

32 

22 

8 

2 

6B 

Soft  All. 

6 

2 

2 

14 

Rock 

4 

3 

2 

9 

Dll. 

2 

4 

2 

8 

29 

All. 

4 

4 

Soft  All. 

4 

Rock 

2 

2 

4 

7.Stftt7.9 

Dll. 

6 

2 

8 

38 

All. 

2 

6 

4 

2 

14 

Soft  All. 

2 

10 

12 

Total 

42 

92 

72 

39 

32 

277 

Hote:    1)    Numbers  of  components  for  four  subsoil  conditions  are  39  for  rocki 
52  for  diluvium,  140  for  aluvium,  and  46  for  soft  alluvium. 


W-61 


Digitized  by  Google 


Diblc  7    Classif  ica' i  n  of  27  7-CoiipoiwiiC  Raeerds  end 
Hem  Values  la  E«ch  Category 
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of 
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Mean  Value 
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Ground  Acc. 
AG  (gals) 

Magnitude 
M 

Epicencral 
Distance 

^  (km) 

Magnitude 
(M) 
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60 

u.o 

5.0 

31 

II 

S.4£ltt«.l 

48 

67.5 

5.8 

43 

m 

6.UMSi6.8 

102 

63.6 

6.3      f  76 

,v 

6.8iKi7.5 

79 

S8.1 

7,1     ,  m 

V 



38 

112.4                7.7       j  197 

Epicencral 
Distance 
(A) 

1 

6&A<20kB 

1  

42 

110.6              5.3      '  12 

20S4<60ln 

92 

6».2      j      S.8  38 

m 

60=a<120kBi 

72               59.1               6.2  rr: 

IV  j  12(ttA<200ka 

39 

56.2             7.0  159 

1 

V  i  200SAi*0Slia 

32 

71.3 

7.3      j  271 

Subsoil 
Conditions 
(S) 

1  Rocfc 

39 

59.9 

6.2      \  87 

II 

Diiuviuir 

52 

69.4        j  6.2 

86 

m 

Alluvium 

140 

73.2        1  6.1 

74 

T 

.  IV  j  Soft  AlluviuB 

46 

75.1       J        6.4  143 

Tout 

277 

70.9       1       6.2      j  90 
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for  Av«rag«  SubaoUa 
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(B)    Earthquake  Magnitude  versus  Ouratloa  of 

Major  Motion  at  Epicentr«l  Distance  of  100  Xn 

Fit.  4   Duration  of  Major  Motion  Deflaad  by  Fig.  2 
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Plg.7<A)— (D)  Response  Spectrum  Curves  for  Maximum  Response  Acc«l«r«tlOH»  in 
Okse  of  6.1  &  M<  6.« 
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(C>  (D) 

Fig.9(A}'-(D)  Response  Spectrum  Curves  for  Maximum  Response  Accelerations  in 
esse  of  7.S  <  M  S  7.9 
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Fig.  12    Effect  of  Danping  Ratio  (Ch)  on  RespOOiS  SptCtTUm 
Values  (Ch  -  1.0  when  h  -  0.05) 
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XBSBMCB  ON  OBBIGH  BMOHBIBUEE 

ItakDto  Nbtabe 
Building  SeseauEidi  AiBtitute 
Ntnlatcy  o£  OaoatcaBtien 

ABSTRACT 

Am  mkIiiiw  vkIub*  of  aiQoalcEatiaBa*  mloelti**  and  diifplaoMWita  of  tb*  ground 
■otions  dutt  to  MxttiqaakiM  am  first  discussed  utilising  th*  historical  data  as  wall  as 
SOBS  tlMoretical  ajpjpceaches.    Then,  duration  tine  and  the  deterministic  intensity  function 

of  the  accelerograms  are  introduced.    The  predominant  periods  and  spectral  shapes  of  the 
strong  motion  accelerograms  are  also  reported.     Historical  earthquake  data  were  utilised 
to  assess  the  earthquake  risks  in  Japan.    Finally  the  ej^lanation  of  proposed  "design 
earthquake"  concludes  this  report. 

UXWCmuSi   Daaign  aarthqwdcot  dataniniatlc  intanalty  fgnotieni  histarleal  datat  wariUMi 
values}  randesi  cbaraetariatieaf  aalsnie  soaiiigt  qpaetral  tiUfMt  tiisevatieal 
analysis. 
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iNVMOUUCnON 

One  of  the  essential  factors  for  aseismic  designs  of  structures  is  to  estimate  the 
Intensity  and  characteristics  o£  ground  notions.    Numerous  research  on  this  matter  has 
been  carried  out  and  the  results  are  suninarized  here.    Recognizing  that  seismic  waves  are 
tn4ti«te«1  by  irregular  slippage  along  faults  fbllowJ  by  nil— i  I'liw  randOH  xmtimeti/anm^ 
rsftactifloa,  and  attamiatioaa  within  tlw  caafim*.  qzound  tattmltkanm  thraogh  niiieh  tiMy 
paM,  tlw  atoaliastia  nodalUng  of  atxong  ground  aotioos  la  a  raallatlo  fbxM  lAiedi  oaa  be 
appliad  in  praotioa.   Moting  tha  xftiova  fact*  stocliaatlo  quantltSAa  ara  induoad  aa  mdh  as 
poaaUtU  in  tlila  r«!port. 

MAXXMA  OF  SMOagfJAXE  GBOUND  MOTIONS 

(1)  Bvaloation      ovartuxnltig  of  tlia  toaibatonaai 

rig.  1  llluatrataa  tha  valatlDn  hatwaan  tha  aploantral  dlstaaoa  flOB>  and  tha  iiaxiaiaB 
aeealaratlon  aatiaiated  by  overturned  tonbatonaa*  based  on  the  earthquake  data  with  the 

magnitudes  greater  than  7  since  1927  in  Japan.    According  to  this  figure,  the  maximvim 
acceleration  may  exceed  the  value  of  0.4g  and  the  ivper  bound  of  the  acceleration 

at  ground  surface  appears  to  be  around  0.6g. 

(2)  Evaluation  by  the  records  of  the  strong  motion  seismographs: 

The  oaximum  accelerations  measured  by  the  strong  motion  accelerographs  on  the  hard 
aubaoU  Xayara  a»a  tabolatad  ia  VHbla  U   in  Fig.  2,  the  ralatien  bvtHaan  tha  i^iaantral 
dlatanoaa  and  the  mxImwi  valoei^  valoaa  Maaurad  kgr  tiia  atrong  votion  aaianograpiha  ara 
Indicated  with  the  paranatar  of  tha  nagnltoda  (1) .    It  My  be  notload  that  the  Mxlann 
VBloelty  aver  xeonvded  by  the  Mlanogmptaa  la  aifpzoxiMitely  35  klnea  aa  aaen  In  Fig.  2. 

(3)  ■Mlnatlan  of  vpper  bound  fm  the  critical  strain  lewal  of  tiie  sodce  (2)  t 

Assuming  the  critical  maximum  strain  of  the  fracture  of  the  rooks  (e  )  as  c    -10  * 

or  cr 

and  shear  wave  velocity  value  in  the  rock  (Vs)  as  V«*3k^sec>(  the  ■eifimwi  velocity  value 
la  eatlaated  as  30  kines  by  the  following  equation* 

iiU,t)-f(t  -  e-|i|     -|P--i|  mJL<c 

i^ere  p  -  amplitude  of  aeisaiic  wave  in  terms  of  time, 
z  =  coordinate  along  the  wave  propagation, 
t  «  tine, 

■  ataaar  ««ve  valoolty, 
a  "  strain 

From  the  above  estimation.  It  is  suggested  that  tiiare  Is  little  change  for  the  nariiro 
velocity  to  exceed  the  value  of  30  kines. 

(4)  Proposal  by  Professor  K.  Katiai: 

With  his  vast  eiqperience  on  earthquake  engineering,  Profeaaor  Kanai  propeaed  the 
following  equation  fbr  tha  talationship  batwaan  tha  hvpooantral  dtatance  (x)  and  tha 
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maxlinai  velocity  (V^^)  with  the  pararoetec  of  the  magnitude  of  the  eairthquaXe  (3) . 
„         ia0.61M  -  (1.66  +  ^  log  X  -  (0.631  + 

nhere       V      -  the  naxinum  velocity  on  the  surface  of  the  tMd-rock  (klne) 
max 

M       ■  the  magnitude  of  the  earthquake 
X       *  the  hypocentral  distance  (km) 

Also,  the  radius  (D  la)  of  tbe  qpharical  volvne  within  whidi  hypooenters  of  efter-shooke 
of  tlM  eaxtli^pMke  eatiat  oen  be  ei^Hreeeed  in  texae  of  the  vaigiiitttde  (M)  folloMingLy  (4)  f 

D(l«)  -  lo'^-^^^"  -  ^ 

Aeeuaiing  that  the  ahove  value  O  i«  the  depth  of  tiie  Iq^pooaiiter  and  neing  Kauai's 
etlQatinns  of  Bmlanm  veloei^f  tlia  relationship  hetiimn  the  veloeity  and  the 

^icentral  distance  can  he  ei^ressed  as  illustratsd  in  Fig.  3  vitli  the  pezaneter  of  the 
nagnitude.   The  interaectlon  of  the  relevant  aagnitttde  Une  and  the  dotted  line  indicate 
the  raditiB  (D  kn)  in  the  above  epilation  or*  let  us  8B|y»  the  depth  of  the  hypooenter.  Fig. 
3  suggests  tliat  the  iMKtwiw  probable  velocity  value  will  never  exceed  the  value  of  60 
kines. 

(5)     The  ratio  of  the  maximum  acceleration  to  the  maximum  velocity: 

From  the  7  5  sets  of  the  Strong  motion  accelerograms  and  the  corresponding  velocity 
records  obtained  in  both  Japan  and  the  United  States,  the  mean  value  of  these  ratios  is 
9.95  in  horizontal  coaqponents  and  the  standard  deviation  of  those  ratios  is  1.7,  while  in 
the  vertical  eoHpanent#  the  above  accelerograms  and  the  oorre^onding  veloci^  records  do 
not  ooinoide  in  the  tioie  dcsiain.    However,  these  naxiaa  will  be  regarded  as  closely 
correlated  if  the  above  tiM  difference  of  the  peaks  is  llaitsd  within  cne  second.  Select- 
ing such  records*  the  nean  value  of  the  ratios  of  the  MxlmDi  aoceleratiop  to  the  eaxlwsn  ■ 
velocity  is  U.O  in  horlsootal  onsiponents  and  the  standard  devletlon  of  those  ratios  is 
1.8.    In  vertical  ooqponent*  the  nean  value  and  the  standard  dsviation  of  tiioss  ratios  sre 
13.8  and  1.7,  respectively.    Incidentally,  for  the  horlsontal  COBponents,  the  mean  value 
of  the  ratios  of  the  raaxitnujB  acceleration  to  the  eorrespondinq  maximum  displacement  is 
20.6  and  the  standard  deviation  of  those  ratios  is  3.3.     In  the  case  of  vertical  component, 
the  mean  value  and  the  standard  deviation  ot  those  ratios  are  16.0  and  1.9,  respectively. 
Using  the  same  materials  including  vertical  components  cis  well,  a  stochastic  analysis  is 
also  Bade  on  the  croas-corxelationa  betseen  the  naalain  values  of  acceleration,  velocity, 
diiplacMMnt  and  Houaner's  apeotral  latensiQf  wltt  aero  and  0.2  danpinga.   ihe  results  are 
indicated  in  Table  2  from  which  it  nay  be  suggested  tliat  "neasures*  to  rspcesent  intensity 
of  ground  aotlons  such  aa  values  nantioned  ahove  are  sKtresnly  cross-oorrelated.  Therefore, 
the  choice  of  these  "tMssuses*  can  be  rather  arbitrary.   Thia  analyala  also  provides 
linear  relations  between  these  maxima.    The  results  are  indicated  in  Table  3,  and  suggest 
reasonable  ratios  between  two  values  of  nsxlm  such  as  horisootal  and  vertical  acceleration. 
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valoelty,  iH^plafwimit  and  ipaetral  intanslty.   Hm  ratioa  Indloatad  la  ffabl*  3  giv* 
oloaar  valuaa  lAStih  ara  pvopoaad  by  II.D.  TrlAmao  and  A.  O.  Brady  (S)  aa  followa, 

▼  ▼ 
J^- 0.6414, 

V   -  0.4V„^*^ 

wlMta  A  and  ▼  sapmaant  WBclnai  aeoelaratian  and  valooity*  xeqpactlvaly*  and  tha  auffixaa 
H  and  V  capxaaant  horiaantal  and  vactieBl.  eavpanants*  mapaetlvaly. 

RSIATIOHS  BETMBEN  ilOiaZOHtAL  AND  VERTICAL  COMPONENTS  OF  EARTHQUAKE  GROUND  MOTICMS 

<1>   Vba  ratio  of  tka  mutSmm  aeoalaratlon  in  vartieal  ceaponant  to  thoaa  in  tha  ooannMvand- 
Ing  tMD  iKMfinontal  oeagponanta* 

rxon  tlia  aaoa  aata  of  tfaa  attootf  notion  aooaluogxona  Mntionad  pravioualy  (5) , 
ratioa  batnaan  boriaontal  and  vartlcal  adapdniMita  am  cbfeaiand.    It  ni^t  ba  raaaonAl*  to 

associate  the  eplcentral  distance  with  thesa  ratios  of  the  vertical  maxlmuia  accelerationa 

to  the  horizontal  accelerations.     The  results  suggest  that  the  shorter  the  oplcentral 
distance  is,  the  laxger  this  ratio  becomes.     This  ratio  of  the  maxirnuro  acceleration  in 
vertical  component  to  those  in  the  corresponding  two  horizontal  cooiponents,  R(d),  can  be 
approxinated  as  follows, 

R(d)  -a-^-^O*^*!^**** 

where  x  is  the  epicentral  distance  in  Iciloneters  and  is  the  unit  distance  of  the  kilometers, 
(2)    Random  characteristic?  of  the  accelerations  ratios  (horizontal  ar.d  vertical  coo^nents) . 

In  spite  of  the  above  results,  this  ratio  of  the  roaximun  acceleration  in  vertical 
components  to  those  in  the  corresponding  two  horizontal  components  follows  the  complete 
ebaractaristics  of  Gaussian  randon  process  aa  nay  be  observed  in  Fig.  4r  In  nhieh  the  prate- 
hility  diatribotion  of  variahlaa  as  logarittSH  of  tJia  afaova  ratio  ara  plotted  with  aolid 
lines  and  the  reference  plots  (in  dotted  line)  of  true  Gaussian  distribution.   As  previously 
iatvoduoad*  Tabla  3  snggoata  atodiaatieally  raaaanabla  ratios  batwaaa  hsriaontal  and 
vartieal  ooppononta  (diagonal  alaamts  in  MbU  3> .    it  should  ba  notad  that  tiia  ratio  of 
intanaity  betusan  horiaatttal  and  vw^eal  ooatponents  is  rather  stable,  idtatever  intensity 
aeala  msg  ba  dioaan  aneb  aa  acealMrationv  valocit^,  diaplacenent  or  qpaetral  intanalQr* 

HIRATIOII  VZHB  AHD  OKnUHiMIBflC  URmsm  FONCVIOII 

From  76  accelerograms  obtained  by  56  strong  motion  earthquakes  during  the  years 
between  1968  and  1971  in  Japan,  the  duration  time  (t)  of  atccelerograns  determined  by  the 
engineering  judgaent  can  be  expressed  in  terns  of  the  nagnitude  of  the  earthquake  (M) , 
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M-2.S 
t  -  JLO  (sec.) 


Aooording  to  rtMizeti  work  on  length  (Ltkn)  «nd  diqplac«Mnt  (0«n)  ot  tbm  aotiw  fsultB* 
tlw  following  nlatlonahlps  aro  knoMn  (6>« 

log  1^0.60  M-3.91      log  VO.e  »-2,9l  IM)/S 

where  S  «  average  dispiacamant  velocity  (m/year) 
H  =  magaitude  of  caused  eaxthqudke 
R  >  period  of  earthquake  occurrence  (year) . 

With  tho  ruptoM  vttleeity  of  3  ta^/MC.  along  th*  fault*  total  ruptura  diuration  of  tlia 
earthquake  can  be  ealcotated  using  the  Above  relation,   flie  resulta  are  also  indicated  in 


Figs.  6(a)  and  6(b5  are  the  dotorminlstic  intensity  functions  determined  from  the 
actual  accelerograms  by  sjnoothing  the  oscillatory  irregular  waves.     If  a(t)  is  the  accelero- 
gram, ^(t)  is  the  deteministic  intensity  function  and  a*(t)  is  the  stationary  random 
proceu  of  the  accelerogram,  a(t)  is  expressed  as. 


If  real  C(t)  ie  to  be  obtained,  a* (t)  met  satiefr  the  oonditlon  of  the  etationazy  random 
proceaa  such  aa  tba  Baiiaflian  dlstribatian  of  probability  and  run* a  teat,    thna  txiia  €(t) 
can  ba  obtained  by  step-by-step  smoothing  techniqpaa  through  checking  the  stationary 
random  process  of  a' (t) .    Figs.  6(a)  emd  6(b)  suggest  the  deterministic  intensity  function 

of  ideal  model   (7),  and  the  generalization  of  this  pattern  is  somewhat  controversial,  but 
desirable  from  an  enqineerinq  point  of  view.     It  also  should  be  noted  that  the  deterministic 
intensity  functions  for  the  vertical  components  are  not  identical  to  those  for  the  hori- 
aontal  coivananta  aa  aaaa  in  Fig*  6.   Another  ^pproadi  to  obtain  the  pattern  of  dataradniatic 
Intenaity  function  waa  ahoim  bjf  3,  Pensien  and  T.  mbo  (8). 


Spectral  shape  of  the  accelerograms  on  the  surface  of  the  bed-rock: 

The  transfer  function  to  transmit  the  seismic  wave  around  the  bed-rock  layers  might 
be  regarded  uniform  in  frequency  domain,  i.e.,  the  spectral  shape  of  the  transfer  function 
la  "Mhlte."  The  apectral  shape  of  the  accelerogram  on  the  surface  of  the  bed-rock  may  be 
subjected  to  the  influaDce  of  the  spectral  shape  of  scarce  ■echsnisas  and  the  surroundings 
of  the  livpocenters.  The  velocity  response  speotron  $v(T,h)  at  free  field  bed-cook  Is 
assuned  to  be  the  function  of  nagnltude  N  and  hypocentral  distance  x  in  addition  to  period 
T  <Md  danping  ratio  hr 


Pig.  5. 


a(t)  •  C(t)  a*{t> 


a*{t)  •  a<t)/5<t) 


SPECTRAL  CHARACTERISTICS 


SV(T,h)  -  10 


a*M-b  logx-c 


IV-82 


UBlng  27  aoeeloxagran*  ^btainaa  «t  fsa«  field  bedoxoek*  ooef ficlente  a,  h  and  e  for  avexy 
period  of  apectrw  ere  detexnined  ty  least  sqoare  vm  te^mlqma.   ihe  results  are  sliaiRi 
in  Fig.  7(a)  and  Pig.  7(b)  as  nouvles.    It  can  be  clearly  seen  in  Pig.  7(a)  that  hlghex 
frequency  ooppoaente  are  pcedcaiinant  in  response  apeetxvni  for  SRtaller  magnitude  while 
lower  frequency  components  are  predominant  In  response  spectrum  for  larger  magnitvide.  By 
these  figures >  Fig.  7 (a)  and  Fig.  7(b}<  any  response  spectra  at  free  field  bed-rode  can  be 
obtained. 


OONCBFT  OP  PRXNCIPJkL  AXES  OP  IBB  MCBUHOGRMIS 


In  this  paper<  only  the  outline  of  the  concept  of  principal  axes  of  qround  motions  is 
introduced.    Details  are  explained  in  reference  9.    First,  3  coisponents  o£  accelerograns 
along  three  orthogonal  coordinate  axes  are  defined  through  the  relations, 

*  (t>  -  C(t)  b,(t),  a„(t)  -  C(t>  hftt).  a_(t)  -  5(t)  b,(t) 

etaexe  b^(t) ,  b^(t)  and  b^(t}  axe  etationaxy  xandon  pffooeaaes  and  C(t)  ia  ttae  detexHinistic 
intensity  fanotion  giving  upB^eopxiMm  non-atatlonarilgf  to  the  ground  notion  process,  if 
e^(t)r  ay(t)  and  a^(t)  lure  oonsidsxed  to  be  sexo*«ean  non-stationaxy  xandon  processes,  the 
eovarianoe  functions 


Ela^(t)aj(t+T)l  -  C(t)  SCt+T)  Elb^(t)b^(t+T)J         i,j  -  x,y,z 


where  E  denotes  ensemble  average,  it  can  be  used  to  characterize  the  ground  motion  process. 
Since  raodoB  proeesses  b^(t)f  l:^(t)  and  b^(t)  axe  etationaxy*  all  enaeable  avexages  on  tiie 
right  side  of  the  above  eqastiea  axe  Indipendent  of  tiae  ti  tberefoxe*  showing  dspendence 
only  upon  the  tiJM  diffexenoe  t.   Since  real  earthquake  acoelexogxans  denonstrate  a  vexy 
rapid  loss  in  oorrelation  with  increasing  vnluss  of  |t|«  Vtm  influsnoe  of  coocdlnate 
directions  on  the  oovarianoe  functions  can  be  investigated  by  ooneidering  the  relations. 


B(a^(t)aj(t)l  -  tU)  B(bj(t)bj(t)I        i,J  -  x,y,s 


Defining  covaxiance  matrix  ^  as 


8     8  6 

XX    xy  xz 


8  -   B     3  B 
—        yx    yy  yz 


•  3    S  6 
J^ax  ay  zz 


J 


9^j4lb^(t}bj(t)l,  the  total 


■atrix  can  be  erittan  in  the  fcxm  a(t)>C(t)  0. 


By  coordinate  transformation  of  a  (t) ,  a  (t)  and  a  (t)  along  new  three  orthoaonal  coordinate 

X  y  z 

axes,  the  covariance  matrix  can  be  transformed  into  diagonal  elements  only,  that  is. 
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3^^=0;  i/j.     Such  new  axes  which  satisfy  the  aUaove  conditions  are  defined  as  principal 

axes  where  no  cross-tertti  of  covariance  exists  and  3  variances  of  diagonal  elements  become 

the  maxisium,  suinimuiQ  and  intermediate .    Using  the  defined  orthogonal  transformation , 

principal  oxM  ot  910111KI  notion  hav«  been  located  for  «ix  dlffwrtnt  earthijualies.  Varlaneea 

and  oovaxlaacea  of  the  reeerdad  aoealacatiocia  a,(t),  a„(t)  and  a^(t)  alontf  tiia  tfadaa 

ay  B 

aooalaEogtaph  axea  Xt  y  and  a  raapaotlvaly#  nan  ebtainad*   1^  aalaetiii?  mecaaalva 
intarvala  owar  the  entire  duration  of  ■otleOf  the  ebangaa  in  dixaetloti  of  principal  axaa 
with  tlaM  can  be  cAiacikad.   Vig.  8  ahowa  the  hoKlaontal  dlraotlona  of  ona  principal  axla 
for  the  alsova  mntloned  alx  aarthquiafcaa  ualng  aof flelently  long  tlaa  Intarvala  to  raaaonably 

atabilize  the  principal  coordinate  directiona.    The  oorreaponding  variances  are  Indicated 
by  arrow  lengths  applied  to  the  radial  scale.    In  most  cases  the  principal  axis  shown  in 
Fig.  8  is  the  major  principal  axis;  however #  in  some  cases,  usually  for  intervals  near  the 
ends  of  the  motions  when  intensities  have  decreased  considerably/  the  major  principal  axis 
is  at  right  angles  to  the  directions  shown.    The  minor  principal  axis  is  in  each  case 
nearly  vertical.    When  averaging  over  the  entire  duration  of  motion  and  averaging  for  the 
alat  aarthq!iiakaa»  tha  raniltlag  ratlea  of  Intawaadlata  Md  Minor  principal  vurlaneaa  to  tba 
najor  principal  vaxlaaoe  are  appKwdmtaXy  3/4  and  1/2  r  xeapaGtiv«ly#  i.a*«  ^^jj^/Mja'avg 
V  3/4  and  (^33/^^^)  ^  1/2.    Ualng  theae  noDarlcal  valuea  to  obtain  principal  eovarlaneaa, 
tte  principal  eroaa-ooKrelatlon  ooaf  f  Iclenta  baeone 

"12  ■  <*'ir^22'/'^U*^22>-°-"'  P23  "   (^22"^33>/'^22  ^33'  '  <».20  and 

Pl3  t»'ll-»'33>/<hl*»'»3>-°-^^- 

Finally  It  is  suggested  that  the  potential  use  of  the  concept  of  principal  axes  to  explore 

physical  phanopana,  auch  aa  tracing  the  oentair  of  energy  celeaaer  aboold  be  inveatlgated. 

SBZ8NXC  aORINS  IM  JKPAK 

In  Japan,  history  of  aartbquakea  fron  ttie  7th  century      to  the  preeent  tlaa  extending 

over  1300  yaara  can  ba  available.   Vba  total  nualbar  of  daatxoetlva  aartfaqinafeaa  with  nag- 

nltudeo  ncwa  than  6  wount  to  600.   Pig.  9  ^timm  aploantara  and  aagnltudaa  of  aarthviakoa 

In  and  around  Jh^mk  during  thaaa  1300  yaara.    Vor  Inatanoa*  aiVlyl»9  Pxofaaaor  Itenal'a 

aquationr  latrcdneed  In  tha  prevloua  aactlcn*  to  all  hiatorlcal  aarthquakaa*  froqnanoy 

dlatribution  at  a  apaelfle  8lte»  f  (v^^)»  can  ba  avalttatad^  Nhicb  repraaanta  tlia  nmifaw  of 

earthquakes  in  the  past  with  the  maximum  velocity t  V     ,  at  this  specific  site.    Tha  proba- 

max 

blllty  denalty  funotion  for  tha  mxiaiim  veloel^#  p(v^^)»  can  ba  obtained  aa  follow, 
whara  V  la  tha  length  of  hiatorlcal  yaara  of  aartbgiuake* 


IVHI4 


Digitized  by  Google 


By  integ»tioo» 


P(V      rO)  -  /  p{V      )  d(V  ) 


prot>abiiity  distribution  function  ^  ^^j^^^  q'  can  be  obtained,  which  represents  the  probaiiility 
of  such  an  earthquake  whose  maximum  velocity,  at  this  specific  site,  is  larger  than  (V_^^^  ^} 


In  «  ywur.    Invitrae  of  suob  pKobibiLlty*  1/F(v      .)  is  tanad  aa  "return  period  (Tx)' 


<V  If  aom  specific  retvxn  Cr  la  <d»aaaf  aay  200  yaara  (P(v      .)"0.005),  than 


the  eerreapending  (v        )  can  be  evmlnated.   Accovdlng  to  Colaaon'a  dlatrlbatlon»  tb» 


probability  F<t)  of  eaparianolaig  tdia  groimd  aotlonBf  the  velocl^  of  iriiieh 

evaluated* 


Jt  tbe  OMneapondiJig  return  period  Tr  daring  tiia  llfetiae  of  a  building  t,  can  be 


P(t)  -  1-e-^^' 


Taking  t/Tr=0.1,   P (t)    equals  0.095.     Assuming  the  chance  of  experiencing  more  than    (V  ) 

ntaXf  0 

earthijuake  during  the  lifetime  of  building  t  is  0.3,  then  t/Tr  becomes  0.36.  Veurious 
raaearchara  proposed  aalanlolty  maps  in  Japan  applying  aiallar  aaalyaea  intnidneBd  faere. 
She  entire  nap  of  Japan  la  divided  into  rectanglea,  tiia  diJtanalona  of  Whldi  are  20*  in 
both  longitude  and  latitude,   iben  aevan  different  aelaadclty  napa  of  Japan  (10«llf  12*13) 
of  retttm  period  100  yeara  are  neeaaliaad  to  aaalgn  unity  <1*0)  for  tbe  rectangular  division 
of       Mavlimn  value  in  eacb  nap.   Ualng  tbeae  nocMllBad  MPs*  tba  aaan  value  of  tbeae 
aevan  different  aMqpaf  the  OMan  value  plua  tm  standard  daviations  of  tJiaae  ttapa  and  the 
naxinum  value  of  these  Baps  in  eaoh  rectangular  division  are  obtained.    The  resulta  are 

shown  in  Fig.   10(a) ,  Fig.  10(by  and  Fig.  10(c),  which  are  considered  to  be  the  appEOpriate 
seismic  zoning  coefficients  for  aseismic  design  of  structures. 

OBSIGIt  BMtlHIQmiCE 

Now  lot  the  deviation  of  estimating  intensity  of  ground  motions  in  terms  of  magnitude 
and  hypocentral  distance  be  considered.     Applying  the  best  fit  method  to  estimate  intensities 
(for  instance,  maximum  velocities)  in  terms  of  magnitudes  and  hypocentral  distances  of  75 
earthquakea,  ooefficlanta  of  deviation  fox  iateoaity  of  ground  notlona  are  obtained.  0.8 
la  the  iMlleat  poaaibla  value  for  the  ooefficlanta  of  deviation  to  aaaaaa  the  intanailgr 
of  ground  notlmui  in  tarna  of  given  aagnltude  and  Iqrpooentral  diatanoe.   Sena  other  reaeareb 
paper  on  the  eoeffieiaat  of  devietieo  also  enggaata  the  aleilar  veltia  (14). 

SUMMRY 

(i)   M  for  the  nwxlw  velocity  value.  Fig.  3  adgbt  be  regarded  reaaonable*  conaidaring 
the  xeaulta  of  eritloal  naxlam  atraln,    Alao*  the  BBxinw  valoeity  ever  zeoozded  la  35 
kines  as  saen  in  Fig.  2  and  the  upper  bound  area  in  Fig.  3  is  obtained  by  extrapolating 
the  valuaa  actually  recorded,    it  ia  goita  ceotreveralal  to  define  the  mvImwi  eecelaration 
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value.    Ho%«ever,  in  a  stochastic  sense»  this  value  can  represent  a  reascmable  measure  for  the 
intaaai^  paraMtar.   this  nay  Man  to  amlttda  a  alngla  paak  valua  of  tha  aeoalarmtioii 
with  fvavaaney  htsfhar  than  20  H>  for  tha  atoohaatloally  algnifioant  valua*   Sha  vmlws 
ladieatad  In  Tt^Hm  4  oan  ba  tagacted  as  tha  "Man  valua  of  tha  Mxlnai«"  thaMfom,  In 
actual  easast  mmajf  of  tiia  Mylawni  valuas  My  anoeed  tha  valoas  in  tha  tabla*  irtilcdi  Indloata 
tha  valnaa  for  v«vtioal  <ici>onmit»f  as  ««llr  by  «itplyiii9  Unaav  ooafflcianta  ibowa  in 
Vahls  3. 

(ii)    Total  duration  of  design  earthquake  may  be  calculated  by  the  equation  introdueod 
in  Chapter  4,  in  terms  of  magnitude  of  earthquake.    As  for  the  duration  of  the  stationary 
part  of  ground  motions  the  following  equation  was  darlvad  froB  fault  laDQth  o£  rvv^ura« 
with  assuoption  of  rupture  veloci^  of  3  Jm/aoc, 

t  "  10  (sec.) 

vhara  M  is  tha  Mqnitada  of  aaamad  aarthqnaha  and  t  is  tha  duration  in  aaoond  of  atatiunary 
part  uhloh  can  ba  applied  to  tha  dataralniatio  Intensity  function. 

<ili)  The  detemlnistie  intensity  function  tor  design  earthqaalta  My  be  detexnined  by 
afiplyiag  an  ideal  aodal  proposed  in  rafaronoa  7.    Xhia  ideal  nodal  assumes  dBtanlnistie 
intensity  functions  which  iacxeese  linearly  or  parabolieally  for  tiw  atationaxy  part  and 
than  decay  eiqwnentially. 

(iv)  Fig.  7(a)  and  Fig.  7(b}  My  be  reocnMnded  as  reaiponae  spectra  of  design  earth- 
quake  on  bed-rock. 

(v)  The  concept  of  principal  axes  nay  be  quite  useful  for  multi-dimensional  ground 
notions. 

that  they  are  not  to  ba  paraittad  to  give  any  aaqplioit  values  but  to  give  valuaa  «itii  Man 
and  daviation. 

Prqposad  pmmeduras  to  obtain  design  aartoqiuaka  are  diseussad  below* 
(1)    TiM  hiatory  of  design  aarthquubut 

a)  Assune  mgnitude  and  hypccantral  distance  and  then  caloolato  the  raaxiaun  vnloeity 

using  Kanai's  equation  and  the  equation  for  radius   tD)  of  spherical  volume. 

b)  Use  Table  3  to  obtain  maxinmfn  acceleration  and  spectral  Intensity  (81) ,  both  in 
horizontal  and  vertical  directions. 

c)  Calculate  total  and  stationary  duration  o£  the  assumed  earthquake  by  equations 
introdoead  in  soamcy  (11)*    Then,  assuM  an  idaal  Mdel  of  datexninlatlc  latansitar 
if  naoessary. 

d)  Oateznine  vectral  dwraeterlstics  using  Pig.  7(a)  or  Pig.  7(b)  if  necessary, 
a)     Produce  aooelarograM  either  through  siamlatad  aarthguuku  <Mr  Mdlfication  of 

real  aocalecograM  and  than  establiili  Mlti-diMnsional  tiM  history  ground 
Mtions  if  naoaaaary. 
f )     Principal  axes  aooelscograM  are  strongly  rsccuwisndaa  for  design  eaxttiqnaka. 
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9)     ttoltlply  l*d    faaan  plv*  1  •tandAcd  daviAtifin)  to  aecttlarograMB  darlMd  atev* 

for  ijqpQrtoat  struetov*  and  plus  2  •tandsxd  davlAtion)  £Dr  vazy  iapairtaat 

atnietavM  or  vary  dangamMa  atruettueaa. 

h)      If  ttw  tijne  histories  of  design  aartbgiaaka  cn  the  ground  surfaea  ia  naeasaazy* 

apply  conventional  or  non-linear  wave  pcopaigatloa  taohnlquaa. 
(2}     Response  spectrum  for  design  earthquake: 

a)  Assume  a  maximum  possible  earthquake  ground  inotion,  for  instance  magnitude  8  and 
hypocentrai  distance  50  km  and  then  by  Fig.  7(a)  or  Fig.  7(b)  establish  response 
spactrun  fox  th«  naxinun  posaibla  ground  notions. 

b)  Aooording  to  the  i^ortanos  factor  of  stroctnza*  dwosa  Fig.  10<a}    for  Isss 
iflvortant  struetoras  «  Fig.  lOtb)    for  gsneral  strueturas  or.  Fig.  10(c)  for 
lavertant  atruetoraa  *    For  tlia  raaponso  apeetrun  in  any  aiBtrleta«  miltlply 
aalMtle  aonlog  ooaf  f  ielanta  of  salannt  dlatzleta  to  tfaa  caqponaa  apactm 
daxlvod  In  (1)  as  tlia  wxIbw  poaalbia  ona. 

e)     l^iy  linaar  coefficients  Indlcatod  in  liable  3  to  obtain  reapcnse  speetrum  for 
vertical  component  if  necessary. 

d)  Kultiply  1.8  (mean  plus  1  standard  daviation)  to  the  spectral  values  in  (ii)  and  (ill) 
for  important  structures. 

e)  Amplif ication  spectrum  o£  subsoil  layers  may  be  multiplied  for  the  design  response 

spaotnai  on  the  ground  anrf  aoa. 

BnuoGmPflV 

(1)  tlatabaf  M.  and  Xitagawa,  Y.,  1973,  ClMraetoriaties  of  Strong  Motion  ■artbqiiaha  Obtained 
ia  J^^,  SCh  O.J.M.R. 

(2)  XnraBataa,  I.  et  al. ,  1963,  Obaarvatlea  of  Miezo-larthqoaka  in  Hiao  Oiatriet  in  6ifa 
Frefeeturef  Omeral  Japan  Journal  of  Ttaya.  of  tiie  Earth. 

(3)  Saaai,  K.*  ISddf  laprovad  Bgplrieai  FocBola  for  Charaotaristiea  of  Strong  Bartfaqpiaka 
MotionSf  Fxoo.  Japan  Bartiaqoaka  S]fBpoali»,  (in  Japan) ,  ip.  1-4. 

(4)  Xida,  K. ,  1963,  A  Relation  of  Earthquake  Energy  to  Tsunami  Energy  and  the  Estlaation 
of  the  Vertical  DisplaceuMttt  in  a  Tsunami  Souzce,  Journal  of  Berth  Science  Kagoya 
Oniv.  Vol.  11,  pp.  49-67. 

(5)  Trifunac,  M.  D.,  ani  Brady  A.  G. ,  1975,  On  the  Correlation  of  Seismic  Intensity 
Scales  with  the  Peaks  of  Recorded  Strong  Ground  Notion,  B.S.S.A.  Vol.  65,  139-162. 

(6)  Matanda,  T.  ,  197S,  Magnitude  and  Baeurcanea  Xnterval  of  Barthquakas  froa  «  Fault* 
Siahin  Vol.  28,  ip.  269*283. 

(7)  Jaaniaga,  F.  C,  Beusoer,  O.  m,,  and  Tsai,  c,  Jlpril  1969,  slamlated  Barthquake 
Motlona,  Barthquakn  Bnginaeriag  BnaaarOh  toboratoaey,  Califexaia  laatltuta  of  Vaeh- 
nology,  Pasadena. 

(8)  Penzlen,  J.,  and  Kubo,  t. ,  1977  Characteristics  of  Three-DlMBSioaal  Ground  Itotions 

Along  Principal  Axes,  San  Fernando  Earthquake,  WCEE. 

(9)  Penzien,  J.,  and  Watabe,  M.,  1975,  Simulation  3-Dimensional  Earthquake  Ground  Motions, 
International  Journal  of  Earthquake  Engineering,  McGraw-Hill. 

IV-87 


Digitized  by  Google 


(10)  Goto,  H.,  and  Keuneda,  H.,  November  1968,  A  Statistical  Sti»3y  of  the  Haxlnum  Ground 
Motion  in  Strong  Earthquakes,  Dobokugakkai ,  No.  159 

(11)  TaXanashi,  K. ,  July  1974,  Risk  Analysis  for  Earthquake,  SaigaUcagaXu-Kenkyu-kai 

(12)  OMote,  s.,  and  Moxaaatstt*  S.«  MoalttAtloiB  Upaeeaney  la  Jiipan  Mrivad  from  Up-to- 
Date  Data. 

aa)  Hattorl,  S.»  and  XitagaHa,  y.»  1974 #  On  tiie  Baglonal  Dlatributlon  of  BaxthqiMdca 

Daa««r  in  Japan*  Boll.  Z.Z.8.B.B.  vol.  1U«  sv>  A3-102. 
(14)  o*Brianr      J.  f  at  al. »  Mareh  1976*  Vbm  Ooxralatlon  of  Faak  Qeound  Aooalaration 

Jla[plitiida  with  Salaalc  Intanslty  and  Otiiar  Flqrsleal  ParaMtarSf  OoKpvtar  Seianea 

Ooxporatlon* 


IV-88 


Digitized  by  GoC)gIe 


nbla  1  I  Max.  Acceleration  by  Strong  Hotion 
Accelerographs  on  Hard  Subsoil 
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SMbl*  2  :  Coherence  Aiaong  Measures  to  ReprMMBt 

the  Intensity  of  Ground  Motions 
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Table  4  :  The  Mean  Maximum  Values 
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Pig. -6a  Oetaxministic  Xntansity  Function    (Horizontal  Coaponents) 
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Pi9*-7a  Velocity  Response  Spectrun  of  Ground  Motions  at 
Hard-rock  due  to  Earthquake  with  Magnitude  8.0 
(rraetion  of  critloal  U^pint  t  O.OS) 
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Flg.-7b  Velocity  Response  Spectrum  of  Ground  Motions  at 
Bard-rock  due  to  Earthquake  of  50km  l^pooentral 
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E-BPICENTER  DUtECTION 


Flig.-8  Principal  Axis  DirMtiens  tot  3  Diffttnnt  MeooedaA  BurtliqpalM 

Ground  Notionfi. 


rig. -9  Magnitude  and  Location  of  larg*  >>rthquaiw>  in 
and  Around  Japan 
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Fig. -10a  Seismic  Zoning  Coefficient  Map 
(Mean  Value  of  Each  Division) 
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-10b  Seismic  Zoning  Coefficient  Map 
(Mean  +  2  Standard  Deviation  of 
Each  Division) 
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oRmmiiuExaH  op  mvx  vmbmuiiqii  vhocitzis  ih 

BOBSUIIflkCB  SOIL  UHtBBB 
Xukltadn  Shiot,  Chief*  Civil  BngiiMsrliitf  Section 
InteriwtioiMl  Znetitute  of  Seinwlogr  «na  SarthqvMJn  Bngineering 
Building  Ileeeardi  Institatet  Ninietey  of  Conetruetion 
Vortiio  Twmwlcl  J  Chief*  Gcoiind  VilMretipn  Section 
Earthquake  Disaster  Prevention  Division 
PuUlie  Moxks  Raaeaxch  Institute,  Miniatxy  of  OoiiBtniotlen 

ABSTRACT 

Activities  o£  the  Coonittee  on  Earthqtiake  Observation  on  Soil-Structure  Interaction 
have  been  described.     One  of  the  committee's  research  activities  is  the  research  involving 
the  construction  of  a  model  structure,  soil  Investigations *  dynamic  tests  and  analysis  of 
dyneunic  soil-structure  interaction. 

This  paper  discusses  the  results  of  torced  vUsration  tests  conducted  on  a  aodel 
atruetare  with  a  vlteator  lAich  genezatad  haxKmie  vavM.  fhaaa  wamm  nara  tlien  ooapaged 
with  the  Raylei^  and  Love  «avae. 

KSYMOnxS:    Harmonic  wave;  i<ove  waveai  model  atruetare >  Rayleigh  waveai  aoil-atruetmpe 
iateractioni  vibrator. 
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It  is  empirically  and  theoretically  well  known  that  the  vibration  of  structures  on  the 
cround  by  such  energy  as  an  earthquake  principally  depends  on  the  properties  of  the  super- 
ficial layer.     In  other  words  it  is  possible  to  presume  the  aialn  ground  inotions  to  the 
structures  if  we  can  relate  the  physical  properties  of  layers  to  the  variables  of  the 
vibratory  characteristics.    Substituting  the  superficial  waves  with  the  Rayleigh  and  love 
viffm*  we  hmv9  a.ttiqpted  to  obtain  tlw  values  of  aoef£icl«ttta  relevant      to  -tiw  9xoiiiid 
▼tbration  with  the  obaervea  xeoocds  of  tbe  haxaonlo  weva  porapigatlon  geiMxated  artiflcielly 
on  e  SMll  aturface  baae.   A1bo»  the  charaeterlatlea  of  theae  data  were  eradjied.   M  a 
awtter  of  fact*  «e  took  naasurea  to  atudy  theae  charaeterlatlea  on  tiie  propegatlon  navaa 
hy  ■Bans  of  a  high  fraquaney  vibrator  based  on  tha  surfam* 

Ihla  test  M8  a  part  of  the  forced-  vlhratlon  testa  oondoetad  ntder  the  dlraotion  of 
the  Conmittee  on  Earthquake  Observation  on  Soil-Structure  Interaction  presided  by  Professor 
Yutaka  Osawa  at  the  Tokyo  University  in  a  comprehensive  research  project  for  the  Establish- 
ment of  New  Aseismic  Design  Method.    This  testing  method  is  somewhat  similar  to  the  methods 
employed  by  Jeukelon,  Foster  and  Fry  at  the  Waterways  Es^eriment  Station  (1). 

He  ei^ct  that  the  accumulated  results  frcxn  these  vibratory  testa  nay  serve  as  an 
ea^loratory  ealoulatlon  method  on  the  ground  MovtaMnt  under  varloua  oondltlona  of  aaelaaie 
design  of  underground  struotorea  and,  of  oounteneaauraa  against  tite  viteation  by  olroula- 
tidns,  ete. 

ACTIVITIES  OF  THE  COMMITTEE  ON  EARTHQUAKE  OBSERVATION  ON  SOIL-STBOCTURE  INTERACTION  (4) 

The  researdi  thne  oo— wneed  olaoe  the  flacal  ywt  of  1974.   During  the  past  eeeond 
year  the  TOefanology  Oeatwr  for  national  Land  Developnant  establlahad  a  oowlttee  on  earths 
^lake  obaerwatlon  on  sell-structure  interaction  (GhalniBnt   Profeaaor  Yotaka  OsaMa) ,  under 
the  attthori^  of  the  Building  ResaeEeli  Xnatltate»  MlnlatEy  of  Oonvtruetion.   The  ocanittee 

attenptnd  to  make  a  research  plan  covering  all  the  neoeasary  stages  for  the  future. 

In  the  fiscal  year  of  1975,  construction  of  an  upper  structure,  dynamic  tests  on  a 
soil-structure  model,  and  observation  of  earthquake  motions  on  and  around  the  foundation 
structure  have  been  accomplished,     in  addition,  theoretical  and  experimental  procedures  to 
analyze  dynamic  behavior  of  soils  and  structures  iiave  been  investigated. 

The  roseazeh  ineludes  oonstruetian  of  •  «odel  strveture,  soil  InvestigatlDDS,  instm- 
imitatian,  oaasuriant  of  aeianie  aotlonSf  d^paamLB  teats  and  analyala  of  dynaado  aoll- 
atxuoture  intMractloa.'  The  reaearoh  la  eicpeoted  to  be  ooapleted  in  three  years.  The 
work  aenonpHehed  or  to  ha  aiwcioneiltshed  in  the  aiddle  of  the  year  is  as  felloifst  (See 
Fig.  1) 

a)  Forced  vibration  test:  The  forced  vibration  test  using  a  vibrator  was  made  to  study 
the  dynamic  characteristlca  Of  the  aodel  Structure,  of  the  neighboring  building,  and 

of  the  wave  propagation. 

b)  Construction  of  upper  model  structure:  An  upper  structure  having  four  steel  columns 
(4-0  267.4  X  6.)  and  one  reinforced  concrete  slab«  4m  long,  4m  wide  and  Im  high,  was 
oonatructed  in  FoOhinobe,  Sagasdhara  City,  Xanagaim  Ftef . 
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c)  Earthquake  observation:    Four  transducers  were  installed  in  the  model  foundation 
structure  and  six  transducers  were  placed  euraund  the  model.    Six  observational  data 
iMT*  ofatvSiMd  to  dMtmiijw  tiM  Ojpmdje  biiMVloc  of  tb«  «iib«»il.  fiamdatSon  »yat«B* 

d)  Jmalysla  of  ^^rnmle  soU-strueturo  Interactlont  Analytical  evaluation  of  dyaaBlc 
bflliavlor  of  the  simply  shaped  strocture  nay  be  done.   For  a  detailed  end  ecaplloated 
■yatettf  taoMOVer,  it  eeeiie  tliat  quantitative  inveetigations  and 
are  nore  eignlficant. 


fhle  report  diacnaeee  the  work  listed  In  a)  above* 

PROPBWIBS  OP  SOHTJICB  HKVB 


The  vibration  of  the  superficial  layers  beccxiee  at  the  surface  wave  during 

earthquake  from  the  viewpoint  of  energy.  Among  the  surface  waves,  the  RayleiCfh  and  lAve 
waves  axe  typical.    Their  formulas  are  shown  as  follows  (3} ,  (Fig.  2} t 

Rayleigh  wave  (See  Fig.  i) 

ii-ft«nIe99(-Y*s)  sia  (oit  -  nx)  -  (2  Y/n*e/a)  /  (1  -i-  sVn')  eep  (-  ss)] 

sin  (wt  -  nx) 

2  2 

w-A  (2Y/  (1  +  s  /n  )*e)9(-8z)-Y«xp  (~Yz)]  cos  (ut  -  nx) 

liove  Wave 


V  -  [B  ooe  (  qe)  4-  C  sin  (qs)!  oos  (pt  ^  fy) 
V*  -  D  enp  (-q's)  ooe  (pt  -  fy) 


u  <•  dispiaGsaisBt  la  s  direction 

V  ■  diq^laeasMnt  in  y  direction  (at  qppw  layer) 

v'  -  displacement  in  y  direction  (at  loner  layer) 

w  "  displacement  in  z  direction 

A,  B,  C,  D  =  arbitrary  constant 

(a  »  circular  frequency  on  x  -  z  plane 

p  ■  circular  frequency  on  x  -  y  plane 

n  ■ 


f  -  freqpienoy 

2       2  2,2 

Y    =  n    -  u)  /v 

.2 .  „a .  «Vv5 

-  velocity  of  p  wave 

v    -  velocity  of  3  wave 

H 

q 

5        2  '      2  2 
-  f   -  (p  /v'^)  (priae  neans  of  lower  layer) 
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Th«  pbMm  valooitlM  of  Meh  avefao*  mvm  mrm  ^baiai  mm  fialloini 

-  8  k'*  +  (24  -  16a^)        +  16  (O^  -  1)  -  0 
a*  -  (1  -  2y)  /  (2  -  2y)  -  G  /  (2G  +  xy 
Vj^  -  p  /  f  -        (1  +  qVj^  /  4ir*)i/2  'p\^ 


■  velocity  of  Rayleigh  waw 
V    •  velocity  of  Love  vave 
Lj^  ■  wave  length  of  Rayleigh  wave 

>  wave  length  of  Love  wave 
y    *  Poisson's  ratio  of  subsoil 
G  ■  shaar  ■Ddnltu  oC  aidMoll 
X  -  Una's  aoaatant 


Tha  vifaratioa  taata  vara  pavfenad  to  raaaarek  tha  ateva  nantionttd  cubijaeta  in 
t,  I97S  at  Mhiab  tiaa  wa  laatallad  a  hlqlh  fcaqiiaiiieir  viteatac  oa  a  atodal  of  calit- 
f oiraod  oomerato  footing  (4*  x  4*  x  l") .    Sha  lajpoat  of  tha  aodal*  tha  f ixad  oboarvatoxy 
iastruBHiata  aaA  ao  en,  ara  ahoan  in  Pig.  If  hat  Uia  aupwratrnetura  of  tha  vodal  was  not 

yat  eonatructed  at  that  tiaa. 

The  site  is  on  the  complex  of  Saganihara  Engineering  Center  of  Nippon  Steel  Co. /LTD 
at  Fuchinobe,  Sagamihara  City,  Kanagawa  prefecture  (See  Fig.  4) .    The  geological  structuxa 
con«i«5t<?  of  Nakatsu  layer  in  thf»  tertiary  period,   Sarrarpi   lavers  in  the  dilluvial  «>poch, 
Sagamino  gravel  layer,  Musashino  and  Tachikawa  loams  and  subsoil  from  the  bottom,  and  the 
upper  layers  are  shown  in  Fig.  5.    'Om  results  fron  tha  standard  panetration  tests » 
aalsBie  pKoipeotiags»  and  so  on  at  tha  sits  asa  givan  in  Fig.  6.  Sha  Most  important  laysar 
in  this  test  is  ths  iom  sstsndlag  14b  dona,    its  ptasrsical  oonstants  froa  Fig,  6  and  fi 
other  flvistlng  xspests  are  asssnad  to  ha  O.S  to  1.11  Wsao.  fox  tha  ««leeity  of  tha  F 
O.IS  to  0.30  Wsac.  for  ths  valecity  of  ths  8  mm*  and  0.»  to  0.45  for  Poiaaon«s 
ratio.   Ttm  pcadosiiBattt  fvsgosneiss  of  aieEo-txsanir  at  tiiis  sits  asa  caeognissd  at  0.7, 
2.1  and  5  U.    lbs  specifications  of  the  vibrator  eure  shown  on  Table  1  and  it  is  posslbLs 
to  change  continuously  the  vertical  anri  horizontal  frequencies.     The  frequency  range  in 
the  test  is  distributed  at  8  to  30  Hz  for  the  vertical,  axial,  and  transverse  directions. 

TO  measure  the  ground  vibrations,  "pickvips"  were  placed  to  observe  the  types  of 
velocity  and  diaplaoasMnts  at  constant  intarvals  on  ths  axial  direction  and  we  used  a 
master  oontsol  systsv  far  oparation  and  raoording  at  tha  atation  (Saa  Fig.  1) .  Ths 
■ant  in  valooity  Qppa  waa  adoptad  for  gxouBd  vihration  and  laasurswsnt  in  displaosMtit 
tarps  sss  adeptsd  for  soil«struotnrs  JAtaraetion  snd  vihration  of  naighborlng  bnlldings. 
Ihs  lattsr  rssults  nay  bs  tntnodtiead  again  for  forthav  studlaa  In  tha  futata. 
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Vm  wkv  langtiis  and  titmx  Mdull  given  by  sabatituting  the  mtaattA  fxtqninelM  and 

phase  velocities  into  the  equations  in  article  3  are  shofim  in  Table    2  and  3.    The  vibration 
test  was  mainly  carried  out  at  the  range  of  frequency  around  20  Hz,  being  relatively 
Stable,  because  higher  frequency  was  limited  in  order  to  protect  the  vibrator  itself  and 
lower  frequency  could  not  give  clear  waves  owing  to  insufficient  existing  force. 

The  phase  velocities  on  the  horizontal  and  vartical  directions  were  measured  with 
varlona  pldciva.   Aa  a  raaultf  thaaa  dlffataneaa  do  not  af fact  tha  obaarvad  valnaa  of 
phaaa  velooitar*   On  tha  othar  haadf  tbe  dyoamlo  bdiavior  of  tba  grouid  aa  aaan  in  riga.  7 
and  B,  ahowa  aucdt  aapaot  aa  tha  xaylaigh  wava  at  tha  pmpagatioa  of  tha  vartioal  vava  but 
it  doaa  not  look  as  elaarly  as  tha  Lova  wave  at  tha  pKopagatioo  of  Vam  horiaontal  waves 
(S). 

Msiadng  that  tha  valocitias  and  shaar  mdoll  in  Table   2  and  3  xapiraaaiit  dynaalc 

properties  of  the  layer  In  depth  of  a  half  wave  length,  it  is  possible  to  express  this 
relation  in  Figs.  9  and  10.     Although  it  is  difficult  to  indicate  the  corresponding  layer/ 
it  seems  reasonable  froni  Figs.  3  and  7  that  the  layer  in  depth  of  0.4  to  0.5  wave  length 
shares  the  roost  severe  deformation. 

The  above  mentioned  results  have  good  corredpondence  with  soil  test  results  and 
aaiOTlo  pzoapacting  raaulta.   This  fact  nakaa  us  ballava  that  thla  iMthod  of  dat«nini»9 
dynamic  pcopartlaa  of  tiia  gxound  f  von  phaaa  valoolty  witii  a  vlbratm:  la  practical  and 
uaefol*    Now  wa  can  point  oat  tha  marlta  of  thia  mathod* 

<1)    availability  of  any  typa  of  piokuipa  and  of  any  ooaponant  of  wavaa. 

(2)  oontinuoaa  Maaunnant  of  pcopartlaa  of  layars  dowauard*  dapandlng  on  dlffarant 
fraqpianeiaa. 

(3)  detailed  measurement  for  shallow  layers. 

(4)  siiTipie  and  economic  measurement  with  a  vibrator,  pickups  and  recorders. 
The  disadvantages  of  this  nethod  are: 

(1)    requirement  to  improve  the  accuracy  of  the  measured  phase  velocity. 
(2>   naeaasity  of  ataetric  poaar. 

(3)    difficulty  to  awly  it  to  tiia  gzooad  undar  bom  ofaataelaa,      and  down  anrfaca, 
daap  layara  and  ao  on. 

OB  aeoount  of  tha  dafozMtion  laval  in  thia  taatt  agproxiwataly  2  x  10   ,  tha  raaulting 
▼alaaa  axa  not  diractly  appllcabla  to  aoeh  a  big  vibration  as  an  aarthgoaka  but  uaaful  to 
tha  vlbratlona  oansad  by  circulations*  construction  wxtlM,  factorias*  and  ao  on. 

CONCLUSIONS  AND  ACKNOWLEDGMENT 

It  la  found  tbMt  if  wa  vant  to  know  tha  dynaaic  pvopartlas  of  tiw  ground*  wa  can 
aaaily  obtain  ooaiparatively  accurate  values  fzoB  shake  tests  on  the  ground  with  a  vibrator* 

Now  there  still  remain  some  problems  to  pursue  such  as  expansion  of  frequency  range, 
minimization  of  the  base,  more  comparisons  with  other  metbodSt  device  for  simpler  operation, 
and  so  on. 


IV-100 


Digitized  by  Google 
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thg  ooMtittM  and  to  tho  poiraoBa  \tto  eoogoratad  with  thia  fiald  taat. 
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Fig. 7  (a)  Amp.  distribution 

( Rayleigh  wove;  Ver.  comp.) 
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Rg,  8     Amp.  distribution 
(Love  wave) 
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81IJDIIS  OH  SOIL  UQDEniGSXOH  RBUflD  10 
KMCEBQOMB  SBSXSTMT  MBIGH  OP  tfiMUUnJHBS 
ItasflBitfla  OliBdhlt  Cblsf  r  Sartliviahe  Piaaatar  Pranrantioo  Division 
Toahio  iMaaakif  Chiaf  *  OroonA  Vibration  jBaotlon 
VuBlo  tatanoka,  maaagCh  EDglnMr,  OKoond  viteatiMi  notion 
All  froB  tha  Pvbllo  Itorks  Reaaaroh  Inatitata*  Kiniatry  oC  Oonatruotioa,  Japan 

In  order  to  evaluate  dynamic  behavior  of  structural  fouiviatlonB  and  embedded  stmotnraa 
during  earthquakes,  it  is  essential  to  estimate  the  effects  of  the  surrounding  soils  on 
these  structures.    The  authors  have  conducted  a  literature  survey  on  the  effects  of  lique- 
fi&ri  soils  on  bridge  foundations  and  also  conducted  laboratory  e)^>eriaients  using  models  of 
pile  toundatlons  including  surrounding  soils. 

Purthexnore,  a  sinpliflad  mtbod  to  avaluata  liquefaction  potential  of  aand  daipoaita 
mm  invaatlgatad  on  tha  basia  of  mafeara  of  Uowa  (ao  oallod  N-valuaa)  fay  tha  atandazd 
panatration  tact.   Prqpoaad  harain  ara  tha  erltioal  IHvaluaa  which  can  ba  uaad  in  datamia- 
ing  lifHafaetiao  potantSal.   ibia  MtluBd  can  aatinata  «b«tiMir  tha  aand  daipeait  nay  likaly 

tha  aita  of  intwast  with  tte  criticBl  valma  pKOpoaad.    Vhaaa  critleal  valnaa  wera 
detaxodnad  on  tiie  baaia  of  dynanio  triaxial  testa  on  undisturbed  aand  aaiplaa  and  M-valtiaa 

Maaurad  at  the  points  where  the  undisturbed  sainples  were  obtained. 

These  studies  are  to  clarify  the  effects  of  liquefied  soils  on  oile  foundations  and 
to  establish  design  mthodology  of  pile  foundations  oonalderlng  the  effects  of  soil  lique- 
faction. 

nXNOMMSt   Bridge  foundational  dynsitie  txiaxlal  taatai  Uquafaotloni  nodal  toatai  pile 
fiowdatienai  aandf  atandard  panatratlon  taati  sthoka  tablo* 
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INTRODUCTION 


In  Qzdar  to  «gpropriAt«ly  «valuBta  dynnle  behavior  of  pit*  fDundations  or  «ab«4did 
strueturw  daring  outliq^akmf  it  is  maontiBl.  to  eBtinttt*  the  effoets  of  the  btHmiat  of 
the  euiroundlJig  soils  on  these  stroctnres.    it  can  be  sm«ose4  lAst  the  surxounding  soils 
do  not  move  severely  in  normal  cases  and  normally  resist  movaownts  of  the  structures,  but 

sometimes  the  surrounding  soils  cause  large  Tnovements  of  the  structures  when  the  soils 
vibrate  severely  as  a  result  of  resonant  state  of  the  soils  and  furtiiermore  in  special 
cases  the  surrounding  soils  do  not  support  these  structures  at  all  when  soil  liquefaction 
takes  place. 

To  pEOvide  a  pcoper  solution  to  thia  pcoblesi,  it  aeosa  neoessaxy  to  preeisely  analyse 
the  britavior  of  the  structures  oonslderiog  the  effeets  of  soil-struotitrs  iateractioos. 
Nhen  the  survonadlng  soils  liguafy  during  earthquakes,  the  pcoblen  beooaes  nore  eooplicsted. 
In  this  case*  the  effects  of  Uqaefied  soils  on  ifta  struotures  will  be  meh  Bore  severe. 

The  authors  have  eonduoted  a  litnrature  aurvey  on  the  effects  of  liquefied  soils  on 
bridge  Cowidatiens  and  also  ooaduebsd  laboratory  eq^iasnts  using  nedels  of  stmeturss 
including  surrounding  soils.    This  attempt  was  to  clarify  the  effects  of  liquefied  soils 
on  pile  foundations,  and  to  establish  design  aethodology  o£  pile  foundations  considering 
the  effects  of  soil  liquefaction. 

Another  problem  to  be  considered  in  the  aseismic  design  of  bridges  with  pile  founda- 
tions in  sand  deposits  with  high  liquefaction  potential  is  the  evaluation  o£  liquefaction 

potsDtlal  of  sand  davosits.  In  the  slapllfied  pcoosdures  tar  evaluating  liquefaction 
potential  generally  used  In  Japan«  Hut  M-value  obtained  frosi  the  standard  penetration 
tests  are  used  in  evaluating  the  liquefaction  potential  of  the  sand  deposit. 

If  the  H-vnlus  of  tite  sand  diposlt  of  Interest  is  lower  tlnai  a  critical  value*  sey 
N-10«  it  is  judged  that  this  sand  deposit  will  liquefy  during  severe  earthquake  aotions. 
In  this  study  dynanie  triaxial  teats  on  undisturbed  sand  samples  were  conducted  and  at  the 
same  time  N-values  were  measured  at  the  points  from  where  undistvurbed  samples  were  secured* 
Then  the  appropriate  critical  N-values  were  determined  on  the  basis  of  the  relationship 
among  dynamic  shear  strength/   N-value  and  irsiitu  effective  overburden  pressure.     It  was 
lound  that  even  in  the  case  where  the  dynamic  shear  strengths  are  identical,  the  N-values 
nay  vary  according  to  the  variatim  of  soil  properties  trtiich  can  be  represented  by  the 
content  of  fine  soils  and  the  nean  dianeter  of  soil  partielea. 

Ibe  results  of  this  stodr  *>v  suMarised  as  follcwsi 

1)  The  sqnporting  e«pseities  of  surrounding  soils  nay  faeeostt  eoosidersbly  swsller 
when  Xiquiefeetloa  takes  place. 

In  soBW  eassSf  d^ynasdc  forces  of  soils  acting  on  piles  SHqr  hecone  considerably  larger 
In  the  coarse  of  liquefaction,    when  the  eeaglete  llqoe&ction  talces  place,  both  the 
supporting  capacities  and  the  dynaxnic  forces  can  be  appccKiaately  estiaated  fay  asswing 
that  a  liquefied  sand  layer  is  heavy  water. 

2)  In  the  course  o£  liquefaction,  soil-pile  foundation  systems  may  resonate  to  the 
input  motions,  and  may  vibrate  severely. 


3)     CritlcAl  H-vBliw*       vvalwtliig  th*  Uqiwf«ctidA  pdtMitUl  sliaald  ht  datandiMd 

of  fiaa  Mils  In  sand  difpeslts.   ALao,  th*  dynvtic  ahiMr  sbcaDftii  dOM  not  teerMM  aneh 
aa  oaapamd  wlUi  ^  dacraaae  in  tha  H-valoaa. 

mmoB  90  miMB  fooMmneM  ddb  so  liquefactxoh 

bas  been  recognized  that  one  of  the  main  causes  of  daaage  to  bridgaa  ulitdi  wara 

constructed  in  alluvial  deposits  and  reclaimed  lands  is  an  unstable  perfomamce  of  gvounA 

soils.     It  is  also  well  known  that  liquefaction  of  sandy  soils  induce  catastrophic  movements 
of  ofound  and  loss  Of  bearing  capacities  of  ground.    A  number  of  damages  to  bridge  structures 
with  pile  foundations  were  observed  during  the  Niiqata  Earthquakes  of  1964  in  Japan  (Iwasaki 
(197i})  and  during  the  Alaska  Earthquake  o£  ldb4  in  the  United  htates  (Kachadoorian  (1968)). 

Slailar  danigaa  vara  alao  raportad  for  otiiar  aarthquakaa  in  Japan  (imaaki  (1973) )  and  for 
tba  San  ftanelaco  Karthqnaka  of  1906  CTond  and  Booaa  (1976)},   Llqaafaetlana  hava  baan 
obaarvad  in  alluvial  dapoaits  and  raclainad  lands  daring  najor  aartJiqvakas  inelvdlng  tha 
abova  aarOiqnskas.    In  Jttfian,  44  aartJuviakaa  indnead  liqiiafaetion  tfhannanma  daring  tJw 
•pariod  txtm  1873  to  1968  (Roribayaahi  and  Tatso^  (1974)). 

In  vlawing  danagas  to  englnaaring  atroctuxas  caosad  by  aoil  liqiiafaetianf  noMseas 
studies  on  evaluation  of  liquefaction  potential  of  sandy  deposits  have  bean  conducted  by 
using  dynamic  soil  testing  equipment  such  as  dynamic  triaxial  apparatvis  and  a  dynamic 
simple  shear  apparatus.     Furthermore,  studies  have  also  been  conducted  with  shaking  table 
tests  to  determine  the  effects  of  the  loss  of  bearing  capacities  caused  by  liquefaction  on 
the  behavior  of  heavy  structures  (Yoshini  et  al.  (1975) «  Ishihara,  et  al.  (1975)).  However, 
littla  sffiort  has  baan  ««te  on  tba  stud^  of  the  affacts  of  aoil  liquefaotion  on  tha  dynaaio 
bahavior  o£  pila  foundations  (ahlkanori.  Sate  and  BSkmo  (1973) ,  Toahlda  and  oanatan 
(1975) ,  immki,  Tataneka  and  saksba  (1976) ) .   Aeeondingly  a»thodology  of  aaaianic  daaign 
of  pila  gfnwdatlona  coaeidaring  tha  af foots  of  li^Mf action  ia  atill  in  tha  pxoeaaa  of 
foaatton. 

Intondiag  to  aatabliah  a  rational  asaianie  daaign  oritician  of  pila  foundations  ahiedi 
ara  constructed  in  soil  deposits  with  high  liquefaction  potential,  a  series  of  shaking 
tSbln  taata  of  pila  foundationa  placad  in  liqpafying  aand  daipoaita  was  parfoxned. 

BXPnuBwr  OM  onoMic  bebxvka  or  wm  mmnxim  moobls 

Test  Arrangements  -  In  this  experiment  small  iDOdels  of  pile  foundations  were  prefabri- 
cated on  a  shaking  table.     Five  different  tests  listed  in  Table  1  were  conducted.  Typical 
test  arrangements  for  Test  1  and  Test  2  are  illustrated  in  Figs.  1  and  2,  repsectively.  K 
satnratod  leeso  sand  layar  including  a  anall  nodal  of  a  pila  foundation  ma  placad  in  a 
oontainar  on  a  ahaking  tabla.   Vo  aetoata  tha  abalcing  tabla  aa  alactro-nagnatio  aetuator 
«as  usad  fbr  Vast  1.   X  dlsplaonaant  oontroUad  Iqrdraulio  aotaator  sna  nosd  for  Vssts  2  to 
S.   Ssnd  layars  nam  prspaxad  by  pouring  air-driad  aand  into  aatar.   Initial  ralativa 
danaititaa  of  tha  ssnd  layars  rsogsd  tsam  24  to  40  paroant.   Tha  satar  laval  ooinoidad 
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with  the  sand  surface  at  the  beginning  of  shaking.    As  shown  in  Pigs.  1  and  2,  acclerometers 
and  strain  gauges  were  installed  to  measure  movements  of  the  shaking  table,  sand  layers 
and  pil«  foundation  raodeZe.    Earth  pressure  ceils  and  pore  pressure  cells  vere  also  equipped 
to  BMSur*  earth  pressures  acting  on  piles  and  esoessive  pore  water  pressure*.  Slniasoidal 
table  BotloM  wsre  applied  in  ell  teats  (Testa  1  to  S) .   Uve  fbxii  of  aooeleration  asaauxad 
at  tiie  table  «aa  of  triangular  fom  in  tbe  oaae  of  Veat  I,  as  shorn  in  Fig.  3  nhere  the 
table  aeceleration  is  dsi»ta4  as  Al.    Havewas,  ia  the  other  teats  (Test  2  to  Teat  5) 
idMire  a  byraulio  aetoater  mm  waadf  the  aaasiirad  tabla  acoaleKation  waa  eloae  to  sinusoidal 
•otionf  as  sboim  in  Figs.  4  sad  5.    Several  Hotions  with  different  fxoquaneies  Here  eaployed 
as  input  motions.    Frequeneies  were  selected  on  the  basis  of  the  aatnral  frequencies  o£ 
pile  foundation  models  submerged  in  water.    The  base  acceleration  was  determined  in  view 
of  outbreak  of  gradual  increase  in  excessive  pore  water  pressure  in  sand  layers.  Actuatora 
used  in  the  experiments  were  not  sufficient  enough  to  keep  an  accurately  constant  base 
acceleration  during  a  test  run.    This  is  due  to  a  great  cnange  in  rigidity  of  sand  layers, 
which  are  caused  by  soil  liquefaction.    Actually,  the  base  acceleration  changed  sotoewhat 
ia  tha  ceursa  of  liquaftction  of  aaad  layers,  aa  shosD  ia  Fi^.  3  through  5. 

Four  dif faraat  pile  fbundation  aodels  ware  exaniaed  (aae  Mbla  1) .   Their  aatnral 
fzaquenoias  vhan  sufanerged  in  inter  are  3.ftf  4.0r  10  aad  14       respectively.  Their 
nataral  fraqDaaoiaa  la  air  are  allgtatly  higher  thaa  thoae  in  water.   Kaab  of  theae  aodela 
consists  of  several  aolid  aloninun  bars  with  2  on  in  diaa^ter  and  a  tqp  aass.   Vhe  values 
of  the  natural  fxeg^aneies  of  aodels  were  adjusted  by  choosiag  the  nualfter  of  bars  and  the 
weight  of  the  top  mass.    These  aodels  were  fixed  at  the  bottom,  as  sho%m  in  Figs.  1  and  2 
to  facilitate  the  boundary  condition.    The  degree  of  f ixi^  would  be  considered  to  be 
larger  than  that  in  actual  cases. 

Principles  of  similarity  -  Frequencies  ot  xnput  motion  and  natural  frequencies  of 

pile  foundation  aodels  submerged  in  water  were  detatnined  in  the  following  manner.  Model 
testa  la  tiia  field  of  soil  neciianics  can  be  classified  into  tNo  crxotips  by  their  objectivas. 
fhe  first  gzoiv  is  to  find  fundawanfl  paraneters  required  to  be  taken  into  aeoovnt  when 
analysing  the  behavior  of  the  pcoto^fpe  fey  an  analytical  aethod.   This  analytical  aethod 
oaa  be»  of  oeuroer  epplied  to  the  nodel  teet.    In  this  oese#  tiM  rigorous  satisfaction  of 
principles  of  slailHrity  is  net  of  first  iapartaaee.   She  aaccnd  gzovip   is  to  qpiantitatively 
estimate  the  behavior  of  the  prototype  from  the  results  of  model  tests,    in  this  case  the 
principles  of  similarity  should  be  determined  and  satisfied.    At  present,  it  is  of  first 
Inportance  to  find  the  controlling  factors  in  the  behavior  of  structures  in  liquefying 
soils.     Theretore,  teported  herein  is  the  result  of  tests  of  the  first  category.  Accordingly, 
the  similitude  between  the  prototype  and  the  raodel  was  satisfied  in  terms  of  the  following 
(bat  otliera  snCh  as  tha  perweahflily  of  aaad  layers  could  not  satisfy  the  principles  of 
siadlaril^)! 

<i)    langtb  (L>t   Scale  ratio  coasidered  for  lengtb  wae  en  tJia  order  of  lilO  to  ItSO. 
Shereforef  ncdel  sand  layers  with  the  height  of  70  ca  correspond  to  actual  aand  dapooits 
of  7  to  21  a  in  depth. 

-2 

(ii)  Density  of  saad  layer  (mlt    ) :    siaoe  ectual  sands  wave  asedr  the  ratio  of 
denaity  of  soils  was  on  the  order  of  Itl. 
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(lii)  Accelaration  (UC~  )«    Sloo*  body  fozoa  IndoiMd  by  gravity  iM  tlM  same  b«tman 
■odal*  and  pretoton^Sf  the  ratio  for  body  foro*  induod  by  faoriaontal  aDtiinia  abooLd  b«  on 
tba  ocdar  of  1:1*   Jtnd  tba  ratio  for  borisentaX  aeealaratieo.  was  alao  on  tha  ordar  of  1:1. 
TiM  (T)  t    FroB  {1}  and  (111)  tha  ratio  for  tdaa  la  datantined  aa 

1  i  1  t  i/IO  to  1  t  i/30  -  lt3.2  to  1:5.5. 

(v)    natural  f raqneaeiaa  of  nodal  pile  foundationa  auDbnergad  In  watar  (f  > ,  fraqoeneles 

.  P 

of  input  notion  (f . ) »  and  ftmdanantal  natural  fraqnaneiaa  of  sand  layara  with  the  excesalva 

-4  -1 

poroumtar  praaanra  of  aato  and  tha  ahaar  strain  laval  of  T  •  10    or  lass  (f^) ,  (T   )  t 
thaaa  aeala  eatioa  ara  datandnad  fnai  (iv)  aa  li=  -  It-^  to  Irr^-  "  1:0.32  to  1:0.18. 

Estimated  ficeqpenoiae  f^  for  model  sand  layers  were  around  18  and  24  Hz  as  shown  in 
Table  1.    These  values  correspond  to  the  natural  frequencies  of  the  prototype  sand  layers, 
3.2  to  7.7  Hz.    On  the  other  hand,  the  fundamental  natural  frequency  of  a  soil  deposit  £^ 
(Hz)  can  be  approximately  estimated  bys 

V 

^1  "  4H 

in  vhleh      dsnotea  tha  amrafe  shear  wave  velocity  Cn^aec)  and  H  means  the  deptii  (n)  of 
soil  deposit  of  interest.    Since  the  usual  values  of      for  shallov  alluvial  sand  deposits 
range  fron  150  to  250  w/amOf  tha  fudanantal  fraqnancy  of  sand  depcait  with  tha  daptii  of  7 
to  21  n  ranges  fron  150/(4x21)  -  1.8  Hs  to  2S0/(4s7)  «  8.8  Ba.    fliaaa  values  oorreaond 
veil  to  the  values  derived  fron  scale  ratios  and  the  fUidaiBental  frequencies  of  nodal  sand 
layers  (=3.2  to  7.7  hz) . 

Since  predominant  frequencies  of  strong  earthquake  motion  observed  on  the  actual  sand 
deposits  are  estimated  to  be  less  tlian  the  above  values,  the  frequency  of  input  motion  in 
model  tests       should  be  less  th£ui  the  natiiral  frequencies  o£  nnodel  sand  layers  £^  (18 
and  24  Uz) .    Tbexefora,  as  the  values  of  f^  In  the  laodel  tests,  12  Hz  for  Iruma  sand  and 
10  Ha  and  20  Ha  for  Toyoura  sands  were  eeleoted. 

rundwmaraf  it  can  ba  eatiaatad  that  Uia  f uadanantal  natural  fraquanciaa  of  ordinary 

bridges  with  pile  foundations »  f^,  are  less  than  the  predoninant  fregpeney  of  strong 

earthquaha  aotion  oibearvad  on  ahallow  aand  di^oaita  whn  the  value  of      ara  dataminad  on 

the  aaaaqption  that  liquefied  sand  layer  with  the  depth  of  7  to  21"  are  renoved.  Therefore, 

three  of  the  five  model  tests  conducted  were  cases  where  the  natural  frequencies  of  model 

pile  founiJations  submerged  In  water,   f  ,  are  less  than  the  frequency  of  input  motion,  f^, 

which  correspond  to  actual  ordinary  cases.     In  addition  to  those  cases  where  f    <  f  , 

P  1 

other  two  cases  where  f    =  t.  and  f    >  f ,  were  examined  in  order  to  evaluate  the  importance 

p      X         p      1  *^ 

of  the  relationship  between  these  two  values,  f^  and      in  aaaaaaing  tiia  ^fnanio  babavi« 
of  pile  ftoundaticpe  in  liquefying  sand  layers. 

Test  Hecwrds  -  FCr  Vast  l^acealeration  reeocde  at  the  table  at  three  poaitiona  in 
the  aand  layer  and  at  three  poaitiona  of  the  ondel  pile  foundation  are  shorn  in  Pig.  3. 
ixceaaive  porewater  pressure  in  the  sand  layer  and  aartii  preaaura  acting  on  tha  pile 
foundation  are  also  illustrated  in  the  figure  during  the  elapeed  tine  of  8  to  14  ssoonds 
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counting  from  tha  beginning  of  shaking.    Similar  records  in  the  cases  of  Tast  2  and  Test  4 
are  shown  in  Figs.  4  and  S,  respectively.    One  of  the  most  peculiar  performances  observed 
in  ttusse  tests  is  non->stationary  behavior  of  the  sand  layer  and  tha  pila  foundation^  and 
iioii>>tetloaary  dynamic  Intaractlon  betNMn  IStmi  vhila  tha  tabla  mavmmat  is  almat  stationary. 
Purtharawa»  it  can  ba  notad  that  tha  rmapenrnM  of  diffaxant  pila  foundation  nodala  ara 
not  alailar  to  aaoh  othar.   Bspaeially*  tbm  variation  of  tha  xaaponaa  of  tlia  pila  fbundatioai 
in  vast  4  la  ^lita  diffttant  fxea  thoaa  in  Taat  1  and  TMt  2. 

In  ordor  to  olarify  tiM  dynaBle  bdunrior  of  tha  sand  layar  and  tha  pila  foundation, 
anvalopM  of  dynanie  anvlitudas  raeordad  wwa  illiiatrated  in  Pig.  6  fear  Vast  1.    Sinea  in 
tha  case  of  Test  1  excessive  poretiatar  pvaasures  reached  their  maximum  stationary  valuaa 
at  the  elapsed  tiine  between  11  and  12  seconds  and  the  acceleration  in  the  entire  sand 
layer  decreased  to  almost  zero  at  the  same  time,  it  could  be  estimated  that  liquefaction 
In  the  entire  sand  layer  initiated  at  the  elapsed  time  between  11  and  12  seconds  in  the 
case  of  Test  1.    It  should  be  noted  in  the  case  of  Test  1  that  the  maximum  response  of  the 
pll*  ffoundatton  ooourrad  «t  th*  «lia>s«d  tSm  of  shout  10  sooonds  «hsn  axeassive  poreprasaura 
did  not  raaidi  tha  waxiiwai  valua  yat  and  tha  sand  layar  was  vltaated  in  ordinary  fashion. 
And  at  t^lO  saoonda*  dynsiile  aarth  praasuara  aeting  an.  tfaa  pile  famdation  and  strains  in 
tha  pila  alao  had  tiiair  valuaa.    In  addition  to  thia,  it  is  also  notad  in  tha  eaaa 

of  Taat  1  that  tha  raaponaa  Csoealaratioa)  of  tha' pila  foundation  daeraasad  to  ttn  avail 
valois  aftax  tha  entira  aaad  layar  had  liquafiad.   Oorravonding  to  this  daoraaao  in  aooalaration 
of  tha  pila  foundation,  earth  pressure  acting  on  tha  piles  and  strains  in  the  pile  also 
decreased  to  the  «aall  values.    Followinq  this,  recovery  from  liquefaction  started  at  the 
elapsed  time  of  about  30  seconds,  and  after  this  moment  the  response  of  pile  foundation 
increased  again.    Although  this  recovery  phenomenon  is  also  very  interesting,  this  will 
not  ba  fllanissert  haraia  baeauaa  such  a  phanoaanon  is  onlikaly  to  taka  place  in  the  prototype 
during  savara  ground  sliaking  la  an  actual  aarthguaka.    In  thia  taat,  tha  ratio  of  tiaM  in 
tha  a»dal  and  that  In  tha  proto^fpa  is  ooBSldacad  on  tha  ordar  of  li3.2  to  ItS.S.  Thara«- 
fcra,  tha  alapsad  tiaa  of  30  saoonda  in  tha  modal  oorraqponds  to  96  to  165  saoonds  in  tha 
prototypa.   This  duration  tins  aaans  Ipngar  than  tha  duration  of  major  ground  motion 
during  a  strong  aarthguaka.   Furthamora,  it  ia  racogniaad  that  xaeovacy  from  liquefaction 
begeui  aftar  tha  cease  of  aarthguaka  notion  in  the  actual  aarthquakes  experienced.  From 
these  reasons,  only  phenomsna  ofaservad  before  the  raoovary  from  liquefaction  will  be 
discussed  in  this  report. 

Variations  of  Responses  of  Pile  Foundation  Models  in  the  Course  of  Liquefaction  -  In 
Fig.  7  shown  is  the  variation  of  response  ratio         of  the  pile  foundation  with  respect  to 
fraquandas  of  iniput  motion  in  tha  casa  of  Tast  1.   Ihs  raaponss  ratio  3  is  dsfinad  as 


p 


(2) 


where  l^^^j^l  represents  the  amplitude  of  the  acceleration  at  the  base  and  l^*^^!  represents 
the  asii^litude  o£  the  acceleration  at  the  bottom  of  the  top  mass  o£  the  pile  foundation. 
The  solid  curve  in  Fig.  7  represents  tha  zesponae  curve  of  the  pile  foundation  model 
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MasuMd  when  sidbnexged  in  watar  and  tha  blade  aolld  circlas  danota  eha  raaponaa  ratio  of 
tlM  pila  foundation  aodal  naaaurad  in  liqaafylng  aand  layar  at  savaxal  Incrananta  of  alapaad 
tiaa.   Mualbars  naar  tha  blaicdc  solid  oirolaa  rapraaant  tha  alapaad  tina  in  aaoonda  frooi  tha 
baglxming  of  shaking.    It  it  seen  fron  this  figure  that  the  response  ratio  of  the  pile  found- 
ation model,  B  f  once  increased  before  t=10  seconds  and  then  decreased  abruptly  to  a  stnallar 
P 

value  of  0.2  at  t=12  seconds.    Also  illustrated  in  Fiq.  7  are  the  rGr5pQnse  ratio  of  aand 

layer  6  =l<i|/l<i.,  1  /  excessive  pore  water  pressure  ratio  u/u       and  the  amplitude  of  dynamic 
g  Ai  Bwix 

earth  pressure  acting  on  the  pile  foundation  Ip^|«    These  values  are  illustrated  in  relation 
with         It  la  daarly  aaen  from  thia  figure  that  at  the  nonent  of  the  maxlmun  response  of 
tha  plla  foundation  nodal,  sand  laywr  had  not  li^tuAfiad  yat  and  tha  dynanle  aarth  preasora 
had  tha  aaxina  valua  and  also  that  af tar  the  occurranoa  of  liquafaotion  in  tha  antlra  sand 
laywr  tha  raaponaa  of  plla  fbuadatlon  and  tha  dynanle  aarth  prasaura  alao  decreased  to 
Mailer  values. 

Slnllarly  Figs.  7,  8,  9  and  10  rapresant  the  variation  of  responses  of  pile  foundation 
iMdals  in  tha  caaaa  of  Teat  2,  Test  4  and  Teat  5,  respectively.    In  these  figures r  sguaras 
denote  responses  of  pile  foundation  models  at  the  ■onent  vhen  llgoefaetlon  is  not  initiated 

in  any  part  of  the  sand  layer,  trianyles  show  rprpDn'=;ef;  at  the  moment  when  1  iquefacrtion  ia 
taking  place  in  the  upper  part  of  the  saiid  layer,  and  circles  represent  responses  when 
liquefaction  is  taking  place  in  the  entire  sand  layer.     It  can  be  noted  from  these  figures 
that  while  the  variation  of  the  response  of  the  pile  foundation  model  in  the  case  of  Test 
2  la  ^ta  BJailar  to  that  in  tha  caaa  of  Teat  1,  thoae  in  tha  caaa  of  Tut  4  and  in  tha 
oaae  of  Teat  5  are  conalderSbly  different  from  that  in  tha  caaa  of  Test  1  or  that  in  tha 
case  of  Teat  2.   The  eaose  for  these  differences  anong  these  tests  will  be  discussed  later. 

Pig.  11  lllustrataa  Inatantanaoua  positions  of  tha  aand  layer  and  tha  pile  foundation 
■odel  at  several  instants  of  tiaa  (t"8.0  to  12  aaoonda)  in  tha  caaa  of  Test  1.    In  thia 
figure^  eadi  stage  (a)  through  (d)  in  each  ooliaun  rapraaents  tha  variation  of  poaltlons  of 
the  sand  layer  and  the  pile  foundation  model  with  a  short  Interval  during  the  half  of  the 
vibration  period  (  =  1/24  second).     In  each  figure,  circles  represent  the  value  of  "'^/l^^j^l 
in  which  a  denotes  the  instantaneous  value  of  acceleration  recorded  by  the  acceleromoters 
A2  through  A4  equipped  in  th®  sand  layer,  and  |a  _  I  represents  the  amplitude  of  the  base 
acceleration.     In  an  ideal  sinusoidal  movement,  ~<x/|qIj^|  can  be  an  index  representing  the 
displacasMBt  nodM.   And  solid  circles  rvresent'  those  for  the  pile  foundation  nodel. 
Arrows  rspresant  the  instan^aous  directions  of  the  novanants  at  each  point  and  tha  Short 

I 

vertical  straight  lines  rspressnt  ttia  naxiwuin  values  of  -o^/loii^]^!  *t  each  point  during  the 
half  of  tha  vibration  period.    Trianglea  danota  tha  instantaneous  values  of  earth  pressures 
acting  on  the  pile,    tht  positive  sign  corresponds  to  the  Increaae  of  earth  pressures 

sensed  by  the  earth  pressure  cell  which  faced  to  the  right  in  these  figures.    At  tha  bottom 

of  Fiq.   11  shown  are  the  excessive  core  nressnre  ratio  u/u      .     It  is  seen  from  this 

max 

figure  that  at  the  elapsed  tino  of  8  seconds  when  excessive  pore  water  pr«?KRijrefi  were 
very  small,  movements  of  the  sand  layer  and  those  of  the  pile  foundation  model  are  close 
to  each  other  during  the  half  of  the  vibration  period.    Then,  as  time  goes  on  and  excessive 
pore  pressures  Increase^  the  dlffer«Me  between  the  aovement  of  the  aand  layer  and  that  of 
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the  pile  foundation  model  increases  gradually.    This  would  mean  that  the  ce^pablllty  of  tha 
sand  layer  to  sqpport  the  pile  foundation  nodel  Is  decreasing  with  decrease  in  the  effective 
stress  in  sand  layer  (irtdch  ocxreeponds  to  Increases  in  excessive  pox«  water  pressure) . 
AS  seen  in  Pigs.  3  through  11*  llqnefisd  parts  in  the  sand  layw  eivand  fron  tite  surface 
tOMBzd  the  faottaai.    Tharaforar  tha  free  length  of  the  pile  foundation  nodal  nlil^  are  not 
supported  by  the  surrounding  sand  layer  inoxeesed  with  increass  in  eiraessive  pore  pressure 
In  the  sand  layer.    This  means  that  the  natural  frequency  of  the  pile  foundation  in  the 


aand  layer,  which  la  defined  as  t^,  daoxeaaad  with  Increase  in  tha  free  length  of  pile 

foundation. 

Then,  it  would  be  beneficial  to  examine  the  response  of  the  pile  foundation  model 
from  the  viewpoint  of  structural  dynamics.     First,  let's  suppose  a  single-degree-of- 
freedoo  vibrating  system  which  corresponds  to  the  pile  foundation  model  in  the  sand  layer. 


The  naninai  value  of  tha  response  ratio  B   ■  3.6  of  the  pile  foundatlcni  nodel«  iriilch  took 

P 

place  at  tite  elapsed  tine  of  10  eeconds,  could  be  regarded  as  that  of  the  vibrating  syatan 
which  resonates  to  tbm  sinusoidal  input  notion  with  the  freqosnoy  of  f^  *  12  lis .  Then* 
the  «sperent  damping  ratio  <b)  of  the  vibrating  systen  oonld  be  derived  asr 

h*^«0.14  (3) 

In  Fig.  12  shown  are  the  response  ciirve  of  the  equivalent  single  degree-of -freedom 

vibrating  system  with  the  damping  of  0. 14  and  are  the  phase  relation  between  the  input 
force  and  the  motion  of  the  system.     Using  this  response  curve,  the  apparent  natural 
frequency  of  the  pile  foundation  model  embedded  in  the  sand  layer  £  *  in  the  case  of  Test 

P 

1  was  obtained  as  follows.    It  could  be  supposed  that  the  natural  frequency  of  the  pile 
foundation  anbaddad  in  oan^UqfrntiaA  sand  layer  at  the  atrain  of  around  10     la  aimilar  to 
the  natural  frequency  of  tiie  sand  layer*  that  Is*  f  -  16  Rs  In  idie  ease  of  Teat  1. 

9 

Thareforef  just  after  tbm  beginning  of  shaking  tha  natural  frequency  of  the  pile  foundation 

anibeJidad  in  the  sand  layer ,  f  •  would  be  around  18  hs.   This  neans  than  f./f  *  (-12/1B)<1.0. 

P  1  P 

Therefore*  tha  anpxiKinate  value  of  f^/f  *  at  tha  elapsed  tine  of  t^.O  seconds  can  be 


obtained  fxcai  the  intersection  point  betwaen  0l.  *  2.1  IS  at  t  »  8.0  seconds  )  and  the 

P  P 

response  curve  for  f ,/f  ♦  <  1.0.     By  the  sane  procedure,  the  values  of  f  /f  ♦  were  obtained 

1      p  ^  *r-  ^  p 

for  the  following  elapsed  timo  t  ■  10.0,  10.8,  11.3,  12.2  seconds  as  shown  in  Pig.  12.  It 
is  seen  from  this  figure  that  the  ratio  of  the  frequency  of  input  raotion  to  the  natural 
frequency  of  the  pile  foundation  model  embedded  in  the  sand  layer,  f^/f^*,  increased  with 
tine  and  eventually  approached  the  value  in  tJie  case  of  the  pile  foundation  nodal  submerged 


in  water,  ^j^/^p  "  12/3.8  -  3.2.    Slnee  the  value  of  f^  was  kept  oonatant  aa  12 


the  increase  of  f,/f  *  nesns  the  deeresse  of  f  *.   Also  shorn  in  Fig.  12  is  the  phase 

1   p  p 

relation  0  between  the  Botlon  at  the  bottm  of  the  top  nass  and  the  notion  at  the  base. 

In  this  figure*  the  values  of  0  were  obtained  fron  Pig.  11  and  the  values  of  f  ./f  *  were 

*  P 

obtained  froai  the  procedure  described  above.    The  general  coincidence  of  the  measured 

phase  relation  with  that  of  the  single-degree-of-freedom  vibrating  system  with  damping 

ratio  h  -  0.14  neans  that  the  variation  of  tha  response  of  the  pile  foundation,  fi  ,  in 

P 
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liqiiM^lng  Mnd  lay«r  «m  OMised  fey  tihe  variation  of  tha  aciparant  natural  frequency  of  the 


pile  fbondation  aodal  in  tha  aamd  layer,  f  *• 

9 

As  a  next  attp*  tho  effects  of  the  raiiponsa  of  tiia  sand  layar  on  the  raspoosa  of  tfae 

pile  foundation  BOdal  Should  be  taken  into  account,  because  the  response  of  sand  layer 

varied  in  the  course  of  liquefaction  as  shown  in  Figs.  3  thorugh  11.  In  the  case  of  the 
pile  foundation  with  a  very  small  rigidity,  the  response  of  this  pile  foundation  v/ould  be 
completely  affected  by  the  response  of  the  sand  layer  before  effective  stress  in  the  sand 
reduces  to  zero.  On  the  other  hand,  this  effect  would  be  rather  small  in  the  case  of  the 
pile  foundation  with  a  relatively  large  rigidity.  This  would  be  the  cases  of  these  tests 
(tasta  1  to  5).   Foe  ssMpla«  in  the  oasa  of  Vest  If  tbm  aamiwm  reaponaa  ratio  of  tfaa 


pUo  foundation  0^*  is  about  3.6  at  t  *  10  sooMds  and  at  this  aooMnt  the  rasponaa  ratio 
of  tha  sand  layer  near  the  surface  nes  about  1.9  vhidi  is  leas  than  3.6  ("3^)  •  This 
that  tbm  large  respcnss  of  the  pile  foundation  nodal  at  t  «•  10  saoonds  was  caused  Minly 
by  the  xeoonance  of  tb«  pile  foundation  Bodel  odbodded  In  tfae  aand,  as  lllustratad  in  Pi^. 
12. 

A  BBBimary  of  Model  Tests  of  Pile  Foundation  Tests 

A  summary  of  the  whole  test  results  in  Fig.  13  shows  the  relationship  between  the 

response  ratios  (6  )  of  the  pile  foundation  models  and  the  ratios  (f ./f  )  of  frequencies 
p  i  p 

of  input  notions  to  the  natural  frequencies  of  the  pile  foundation  models  submerged  in 
water.    This  figure  indicates  clearly  that  a  comparative  relation  among  the  frequencies  of 
ivut  Motions  f^f  the  nsturel  frsqneneies  of  tlw  pile  Coandation  nodals  sidverged  in  water 
(fp)  and  the  Initial  natnral  fraqnandes  of  tbm  sand  layer  (f^)  is  fundaeantal  In  detamininig 
the  ^^rMsdLe  behavior  of  the  pile  foundation  nodals  in  liquefying  sand  layer.   Since  all  of 


the  teats  abmm  in  Pig.  13  are  the  eaaaa  wheEe  f   la  larger  than  f .  or  f  ,  these  tests  oan 

g  i  p 

be  divided  into  tiia  ColloMing  three  groqpai 

(a)  (^'Mtta  1  to  3):    In  these  tests,  the  response  ratios  of  the  pile 

foundation  models,  B  ,  are  snail  at  the  beginning  of  shaking  as  indicated  by  hollow  squares 
P 

in  Fig.  13,  and  as  the  sand  layer  begins  to  liquefy,  B    starts  to  increase,  reaching  its 

P 

maximum  value  as  indicated  by  black  triangles.     At  this  moment,   the  sand  layer  has  not 

liquefied  coi^pletely.    And  following  this  moment,       begins  to  decrease  and  eventually  3^ 

a  anall  value  as  indicated  by  hollow  circles  in  Fig.  13.    These  snail  values  of  6 

P 

well  to  tlioss  of  the  reastonae  ratios  of  the  pile  foundation  nodela  si^bnergad  in 


water.    The  phanenanon  described  above  oould  take  place  in  the  prototype  as  one  of  the 


worst  casee.   Therefore,  the  wasinue  value  of  A   in  the  course  of  liquefaction  in  sand 

P 

deposits  Should  be  estlneted  aoeurately  in  the  oaae  of  the  proto^ppe  ao  that  thla 

oan  be  taken  into  account  in  aselanio  design  of  pile  foundations. 

(b)    f    >  f .  ■•  f    (Test  4):    In  this  test,  3    sinply  increases  from  the  beginning  of 
g       i       p  p 

shaking  to  the  state  of  the  liquefaction  in  the  entire  sand  layer.  The  eventual  response 
ratio  in  the  completely  liquefied  sand  layer  is  as  large  as  the  value  at  the  rcsoncuice  of 
the  pile  foundation  model  submerged  in  water.    If  there  could  be  such  a  case  where  f^  =  f^ 


in  the  prototype,  severe  damages  could  take  place,  beeauae  tiie  reagpenae  night  baooee  quite 
large. 
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(c)    £   >  f   >  f .  (Mat  5)t    lA  tlila  tMtf  tJM  tmtency  of  thm  ^iatiaa  of  0^  1ft 
9       P       1  P 

aixllar  to  ttet  of  Tnt  4.    IJoiiwivmr»  unlUw  in  Taat  4*  tlM  avHitual  valiw  of  3.  In  tbo 

cepplaitftly  Ufttftflftd  ■and  layar  ia  rathar  nail,  baoanaa  tha  caaponaa  rfttlo  of  tha  pila 

foundatloii  nodal  autaargad  in  water  ia  anall  dua  to  tha  fact  tbat  the  value  of  £./f  ia 

i  P 

Bewavar*  t4iia  eaao  nonld  bo  unlikoly  to  aailat  In  the  piroto^ppe,  baeanoa  tha  valua  of 
tfoold  be  anaUar  tbmn      in  noat  oaaaa  in  too  pxetotypa, 

sxmiFiiD  FHXmms  n  bvmxikixno  uQaBFSCKzai  khibrxui 

ggaaant  Statue 

In  the  specifications  for  Earthquake  Resistant  Design  of  Highway  Bridges  (Japan  IkMtd 
Association  -  1971) ,  a  special  attention  is  given  to  the  design  of  highway  bridges  con- 
structed in  sandy  layers  vulnerable  to  liquefaction  during  earthquakes  and  in  very  soft 
cohesive  layers.     The  bearing  capacities  of  these  layers  are  neglected  in  the  design,  in 
order  to  assure  high  earthquake  resistance  of  structures  built  in  these  layers.    An  article 
"sandy  soil  Layara  winarable  to  Li/vnafaotien"  atotaas   aatwratad  sandy  soil  layers  mhLdx 
are  within  10  Batara  below  tha  aetnal  gxoond  anrfaoa,  have  a.  atandacd  panatratien  taat  N- 
valua  lose  thaa  lOr  hava  a  oeoffislaBt  of  mifendty  laaa  than  6,  and  also  have  a  D^^-valiia 
of  the  grain  aiaa  accwolation  oirve  between  0.04  am  and  0.5  wm,  ahall  have  a  high  potential 
for  llqpiafaation  during  earttmurtwa.    Bearing  oapaeitiee  of  theee  layara  ahall  be  neglected 
in  deaign. 

Saturated  sandy  soil  layers  which  have  a  D^^-value  between  0.004  and  0.04  mi  or 
between  0.5  and  1.2  tran  may  liquefy  daring  earthquakes,  and  shall  be  given  an  attention. 
Estimation  in  the  case  ahall  b«  nada  in  accordance  with  the  available  infomation  on 
liquefaction  problems. 

When  a  special  investigation  is  perfomad,  tha  above  article  may  not  be  required  to 
apply. 

On  tha  ot^  hand*  it  ia  wall  known  toat  ataodazd  panatration  M-valuaa  aay  vary 
oonaidarably  due  to  the  'vaziatlon  of  tlia  grain  aiaa  of  sand  dapoaito.   Hoc  aaaajplSf  it  ia 
a  general  tendaooy  that  ia  ao-oallad  alluvial  aaady  dopoaito,  H-valuaa  are  eoaaidwiMiy 
laxga  for  gravelly  aand  dapoaito  and  are  qnito  analt  for  ailty  aand  dapoaito.  fbsrefoce* 
it  can  be  easily  suppoaad  ti»t  M-vnluea  do  not  hold  a  constant  value  even  for  the  oaaaa 
where  the  dynamic  shear  strengths  are  constant.    The  difference  of  N-values  in  the  two 
cases  would  be  caused  by  the  other  soil  properties  such  as  the  grain  size  rather  than  the 
dynamic  shear  strengths.    Accordingly,  if  an  identical  critical  N-value,  say  10,  is  applied 
to  all  types  of  sand  deposits  in  evaluting  liquefaction  p>otential,  this  critical  N-value 
may  be  too  small  for  gravelly  sand  deposits  and  may  be  too  large  for  silty  sand  deposits. 
VOr  thoaa  raaaona,  it  is  apaeifiad  la  toa  abova-nantienad  aptoiflafttiena  tbat  tlia  uniformity 
ooof fioiant  U   and  D..-valua  iAioald  ba  taken  iato  aoaouat  ia  tJia  avalnatlon  of  liqiiafactian 
potential  in  addition  to  tha  M-^lue.   Bowevar»  it  has  beooa«  clear  reeeatly  that  there  ia 
no  a*id«»a  that  the  O^-vnluaa  of  aa»la  hav.  a  daf ialto  ralatioa  to  liqtofmotioa  poto»tial. 
FortharBora,  it  aawna  that  the  D^^iralua  q^if led  in  the  above-aant toned  ^ecificationa 

V 
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uxm  not  always  Fvqpor  as  an  Index  svraaantlng  grain  sIm  fox  the  evaluation  of  liqwefaetion 
potential. 

For  these  reasons,  the  present  study  discusses  the  relationship  among  standard  pene^ 
tration  N-values,  grain  size  distribution  characteristics  and  dynamic  shear  strmgths 
which  were  obtained  from  dynamic  trlaxial  tests  on  undisturbed  sandy  samples.    It  was 
found  from  the  relationship  that  the  critical  N-value  in  the  evaluation  of  liquefaction 
potential  could  be  smaller  for  sand  deposits  with  small  grain  sizes. 
Dynamic  Triaxial  Testa  on  Undisturbed  Sandy  Samples 

Saapllng  of  andlstrtibed  sand  saivles  and  standard  penetration  tests  were  perfoned  at 
two  sites*  1}  AhsfcOBD  -  ffatsonl  Site  and  11)  Itoneda  Site.    Both  sites  are  along  the  Bay  of 
Migro.   A  typical  boring  log  at  Akafaono-mtsiBl  Site  la  Aomi  In  rig.  32.  undlatnibod 
ss^plea  ware  saeurad  lay  a  reforaad  Bishop  aanplar  in  which  tha  inner  dlanatar  of  the 
SMpler  Is  5.4  on  sad  the  lengtb  of  tiie  sanpler  la  65.0  esi.   Sand  ssnplae  with  lew  oentents 
of  fine  soils  ware  f resan  at  site  hy  ^zy  lea  to  awid  diatuzbanoaa  which  may  be  caiissd 
daring  the  transportation  from  the  site  to  the  laboratory  for  testing.    Silt  samples  were 
not  frozen  to  avoid  the  disturbance  due  to  volume  expansion  caused  by  freezing.    Figs.  15 
through  18  show  typical  grain  size  analysis  curves.     Almost  all  sand  samples  secured  are 
fine  sands  with  O^^  less  than  0.3  nmi  and  with  high  contents  of  fine  soils  less  than  0.074 
nn. 

DynsKic  triaxial  testa  %Mre  odaduoted  on  sasipleB  witii  tha  diaMter  of  5.0  oi  ai^  tiia 
height  of  10.0  oa.   Jtppilied  iaotrqpical  affeetivw  ooofining  proaaures  ware  aqoal  to  inaitn 
effeetive  evwrbupdan  praaaurae  and  eaewgb  back  praaanraa  ware  applied  to  anJea  tha  Slcsnpton*s 
fr-'veltte  lerger  than  0.96  (rig.  19) .   rigs.  30  and  21  tfiow  '^ioal  test  results  whlcih 
describe  the  relationship  bstMeen  iJie  applied  stress  ratio  and  the  mniher  of  repetitions 
in  both  cases  of  undlsttndied  espples  end  disturbsd  wup^Sm,   Distuzbed  saivles  were  nade 
by  pouring  completely  disturbed  de-aired  saturated  soils  which  were  made  from  undistuiiied 
samples  into  a  mold.    It  is  seen  from  this  figure  that  the  strength  of  disturbed  samples 
is  smaller  than  those  of  undisturbed  samples  for  the  sane  density.    In  this  stu^t  the 
dynamic  shear  strength  in  dynamic  triaxial  tests  was  defined  as 


She  vnlne  of  R,   were  read  off  fren  tiie  relationship  between  o. /(2a')  end  the  nuaber  of 


repetitions.  Fig.  22  indicates  a  relationship  between  dynamic  shear  strengtll  Of  undistutbsd 
samples  and  that  of  disturbed  samples  (obtained  from  Figs.  20  and  21) . 


dynamic  ahaar  strasa  ratio  Ct/ff^f)^  tdiich  are  induced  in  grounds  by  earthquake  Motions 
ware  defined  as  the  maximum  shear  stress  ratio  in  the  computed  tine  history  of  shear 
stress  ratio  T/a  ,  at  the  depth  of  interest.    Earthquake  response  analysis  of  grounds  were 

V 

pecfonned  by  the  wave  propagation  theory  with  the  equivalent  lineeu:ization  method  with 


c 
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MV*et  to  Jnfar—tton  pcopwtlM  of  soils.    Xa  this  8tn4sr#  undocgrowd  sceolontloB  rooocds 
Mon  ussd  OS  Input  bsss  BOtlcns*    flw  nsyfiiw  secslisrstloii  in  ths  ^fi'nf^^||l^|tf ffns  hm  ^nlmi  M 
150  gals  at  the  base  (assmed  at  the  depth  of  127  n) . 

In  evaluating  liquefaction  potential,  the  dynamic  shear  strength  should  be  compared 
with  the  dynamic  sheeir  stress  ratio  due  to  earthquake  motions   (See  Fig.  14 ^     In  this  pro- 
cedure, to  obtain  the  dynamic  shear  strength  which  is  compared  with  the  computed 
dynamic  stress   ("^Z^^''^'  sc"®  corrections  should  be  made  on  the  dynamic  shear  strength  Rjj, 
which  are  obtained  from  dynanic  triaxial  tests.    These  corrections  are  expressed  as, 

(VO^,)^  -  Ci  •        .  C3  .        .  Cj.  .  (5) 

(1)   Cj^i   This  is  the  eorraction  factor  for  ormflnlng  prasaura.    m  tiala  study,  the  iasita 
aarth  pressure  at  rest,  K^,  was  estimated  to  be  around  0.5.    In  this  case,  the  effective 
mean  principal  stress  in  the  insitu  stress  condition  becomes  (1  +  2  K  1    ■  0^,/3  where  a^, 
is  the  effective  overburden  pressure.    On  the  other  hemd,  the  effective  mean  principal 
stress  in  dynamic  triaxial  tests  is  O^,  as  shown  in  Fig.  19.    As  it  was  shown  by  Ishihara 
and  Li  (1972)  that  dynamic  shear  strength  o£  samples  under  stress  conditions  with  different 
valnaa  should  be  avaloatod  for  the  saaa  affaotiva  mama  principal  stress «  the  oocxaotien 
faotor  <^ 


1  +  2K 


o 


1  (6) 


C^'       3  "3 

(11)  Cjt   Vhis  is  the  oorraatiam  factor  for  wave  fon  of  loadiaig*   Miilo  aetqal 
Motions  are  randan  with  raqpaet  to  Uaie#  the  loading  save  foms  asad  In  i^fntaUc  triasial 
tests  aara  alauaoidal  vlth  constant  ainplltudes.    According  to  Zsbihara  and  Yasuda  (1972), 
the  value  of       ranges  from  1/0.55  to  1/0.7,  In  which       has  a  larger  value  for  s  ".h^ck- 
type  earthquake  motion  and  has  a  smaller  value  for  a  vibration  type  one.    In  this  8tudy«  a 
nodes ate  value  equal  to  1.5  wae  adopted. 

(iii)    C^:    This  is  the  correction  factor  for  the  effect  of  disturbance  which  are  inevit- 


able in  the  proeesaes  of  san^llng,  freezing,  transportation  and  taating  prooadnraa  in 
dynnaio  triaxial  teats.    It  can  be  smgossd  that  the  dTnandc  whumi  atxangth  of  aolls  nay 
daexaaaa  daa  to  thaaa  diaturbanoaa.   rig.  22  ahows  the  relationship  bataaan  the  mlvaa  of 
R£  of  undlatuzbad  aapplaa  defined  fey  89«  W  and  tboaa  of  ooaplataly  dlatnrbad  aapplaa.  It 
ia  olaarly  seen  froa  thia  fignra  tiiat  the  difference  between  two  valnea  is  tee  large  to  bo 
naglaetad.    Thereforsi  it  seens  that  the  value  of      should  be  largv  than  1*0*  Hoaavar, 
at  present,  the  precise  value  of      can  not  be  evaluated. 

(iv)  C^:    This  is  the  correction  factor  for  the  effect  of  the  densif ication,  which  are 
also  inevitable  during  the  above-mentioned  operations.     In  fact,   some  densif ications  were 
observed  in  samples.    Rs  dexiser  sand  samples  have  larger  dynamic  shear  strengths,  can 

be,  in  general*  less  than  1.0.   Oonaldarlag  that  denaifloatlona  of  samples  are  caused  by 
diaturbanoaa  during  ayperatleaa,  it  aaa  aatiaiatad  in  liiia  atudy  that       *       •  1*0* 

(v)  Cgt   Siia  ia  the  oorxaotion  tmatex  tax  ooapanaating  the  affects  of  diraetiona  of 
tation.   Although  the  praolaa  value  of      oaa  not  be  avaluatadp  hare  it  ia  aaanaed  tiiat 
C5  -  1.0. 
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Bvmtuallyi  tha  pEodnet  of  all  tlw  ootrmetioA  faetoM  haeMia  aifaoot  1.0.  HmmCom, 
In  this  study  tbm  dyimle  riamr  vtnangth  ware  obtainad  «• 


To  estimate  the  value  of   (t/o^, at  the  point  where  only  the  N-values  or  both  the  N- 
values  and  other  soil  properties  such  as  mean  grain  size  and  contents  of  fine  soils  were 
obtained  but  no  undisturbed  sasiples  were  available,  the  relationship  among  (i/O^r )  j^-values, 
N-values  and  soil  property  peuraneters  should  be  established.    In  this  study i  it  was  supposed 
thftt  (T/Oy , )  ^-valiiaa  oan  b*  xtptrnmatitA  u 

(T/a^J  -  Bj  -  F  VK,  S,  Dj^)  (6) 

in  vhioh  a  bmus  tha  atandaxd  paaatratiott  taat  M-valuar  S  damotas  tha  eontant  of  fiaa  aoila 


(<  74y)  In  paroantage  and  D^^  daaotas  tha  naan  grain  aiaa  in  an.   Aa  a  graat  daal  of  dynialo 

triaxial  tests  on  clean  sands  have  been  conducted  at  various  laboratories,  it  is  necessary 

to  establish  the  method  of  evaluation  of  clean  sand  deposits  as  the  first  step.    For  this 
purpose,  insitu  relative  density  should  be  evaluated.    As  an  indirect  method,  Meyerhof  (1957) 
proposed  the  following  equation: 

'  »r  ■  »^  '^o^.  I  0.7  W» 

where  O  is  relative  density  in  percentage,  M  is  the  standard  penetration  N-value  and  o  ,  is 
tJM  af faetlva  ovaetardan  atxasa  In  kg/on  .   nils  equation  waa  proposed  on       baaia  of  tha 


taat  vaavlta  on  daan  sands  fey  6ifeta  and  Holts  (1957).   Figs.  23  and  24  rapraaant  tha  oom- 
parlaon  bataaan  tha  ralatlva  daaaltr  ebtainad  tram  aq.  (9)  and  tiiat  obtaiaad  diraetly  fay 

*  ^*iMar'''^-r*"*nil  n  tha  valnas  of  void  mtio  a  vara  ebtainad  txem  vodiatiacbad  sand 

sMVlaa  by  a  rafncBad  Blshap  SMvlar.   Vhaaa  aavllnga  vera  parfcmiad  at  XaHaglBbi-ehoi 
Milgata  City  fey  tha  Japaaaaa  Seolaty  of  Soil  Maphanics  and  FOundatian  Bnginaaring  (1976) . 
the  values  of  e^^^  and  e^^  were  obtained  on  coopletely  distxirbed  air-dry  samples.  These 
figures  indicate  that  the  value  of  the  relative  density       obtained  by  eq.   (9)  is  almost 

identical  with  that  obtained  directly  by  D    -  (e      -e)/(e      -e  .   ) .     Fig.  25  shows  the  rela- 

r  max  max  min 

tlooship  between  the  dynamic  shear  strength  front  dynamic  triaxial  tests  on  clean  sands  with 

no  fine  aoila  leaa  than  0.074  an  and  the  ralativa  danaitias  D_  «  (e_  -e)/(e_   -e...} .  lhaaa 

X        max         max  am 


tMta  liaKa  oanduabad  at  vaeloaa  labovatoriaa  as  llstad  in  tabla  2.  vba  awacaga  calatioa- 
abJp  amng  data  plota  in  Fig.  25  can  ba  vvvaaantad  by 


Rj^  «  0.0042  (10) 

where  D_  denotes  (e   -e)/{e  -e        in  percentage.    If  there  is  not  a  laurge  difference 

r  max  max  nun 

between  the  strenqth  of  an  undistxirbed  clean  sand  and  that  of  a  con^Jletely  disturbed  cl( 
sand,  the  dynamic  shear  strength  (T/a^, can  be  estimated  by  the  following  procedure! 
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Fig.  26  ■hom  tha  ralatioMhip  batwMO  {T/o^»)g  ototeintad  by  dynamic  triaxial  taata  on 
undiatuxtMd  aanvlaa  abieh  vara  conductad  in  this  study  and  tha  valna  of      ■>  21i^(a^»  ♦  0.7), 

It  can  be  clearly  seen  that  the  ('^/^y'lj^'D^  relationship  of  silty  find  iandsivhich  trare 

tested  in  this  st\idy  is  quite  different  from  the  average  (T/0^,)j^-D^  relationship  of  clean 
sands.     Therefore,  it  seems  that  the  direct  application  of  eq.   (11)  to  this  case  gives  con- 
siderably under-estlia&ted  values  of  •),. 
Estimation  of  (t/o^,)^  -  Valuss  at  Akebono-Tatsumi  Site 

The  values  of  ^''^/^^'^^  site  of  Akebono-Tatsumi  were  estimated  by  the  £ol lowing 

procedure/  because  it  was  found  that  eq.    (11)  could  not  be  applied  directly  to  this  case. 

(a)  (T/o^i )£-valufis  were  obtained  as  ^"^/^^i) ^  "       *t  the  points  where  undisturbed  sanples 
wece  obtained  and  the  values  of  R^^  were  obtained  by  dynamic  triaxial  teats. 

(b)  (T/(7„> )  .-vttlnaa  at  tha  pcinta  nlma  only 
ia  avmllabla  vara  aatinatad  as  folloNsi 


(i.,a^ J  *      -  21 /5-a— 7  (aq.  (»)) 

♦      -  0.21  ♦  0.0021       (aq.  tt3)  -  «£  <7» 

Rj^  -  0.21  ♦  0.0021  .  (13) 

£q.   (13)  represents  the  average  relationship  of  the  test  data  iroia  this  study  and  the 
avaraga  ralatlnnihip  Is  ihoMi  in  rig.  26. 

(0)    (t/a^,)j^-valoas  nt  ^am  points  idMva  H-valuas  and  gxain  siaa  analysis  oosvaa  of  ths 

aaqplM        obtalnad  were  aatinatad  as  fbllosa.   Pirat,  it  una  auBpoaad  that  tiis  xaaaoa 

alqr  the  (T/a^* )j^«valuas  of  sands  tested  in  this  stn^  ars  lasgar  than  thoss  of  olasn 

for  tiis  ssna  valua  of      •  21^  (o^*  *  0.7)  ia  that  aands  tsstsd  in  Oils  stnOy  as*  fins 

ssnds  and  inelnda  fine  soils  less  than  0*074  mm  to  some  extent.    IhsssioKS*  BIR|^  was  dsfinad 

as  ths  difference  in  the  dynamic  shear  strength  (T/0         ■  R,for  ths  sane  value  of  D 

V   X      X  r 

between  the  value  of  the  data  obtained  in  this  study  and  the  average  value  of  dean  saAds. 
This  definition  is  illustrated  in  Fig.  27.     As  almost  all  of  the  samples  tested  in  this 
study  were  fine  sands  where  the  mean  grain  size  D^„  were  less  than  0.3  am,  only  the 
correlation  between  the  DK^j^-value  and  the  content  o£  fine  soils  were  exaaiined  as  shown 


ia  Pig.  26.  MiUe  thscs  is  a  vids  soattsgiag  in  ths  plots,  it  nay  hs  sssn  froai  this  figon 
that  OKg-valiiss  inctxsss*  with  ine«sass  ia  ths  ooatsnt  of  fin*  soils  (6)  •   This  zalatisnalhlp 


0(T/Oy,}j^  "        "  0*^^  -  <>*007S»  <  0*17S  {14) 
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iterefbr**  tiw  (T/0^,)j^«<vaiiws  in  thla  oam  wem  MtivtaA  mm  followat 

{t/a^t)^  -  {<T/0y,)j  by  eq.  (U)}  +  {D(T/a^,)j  fay  oq.  (14))  (15) 

ccovparison  BeCween  (T/a^«)^  and  (T/o^f)^  at  Akftbooo-Tatsunl  Site 

rixMly,  tba  crltieal  M-valua  >  10  tifcUUd  in  tfat  ap«elf ieatioBa  fbr  ti»  Eartliqualw- 

Resistant  Design  of  Highway  Bridges  were  evaluated  as  follows.    Hi  Pig.  30  shown  is  the 
value  of  i'^/o^')^  which  wu  calculated  for  a  point  at  Akebono-Tatsuni  site.    In  this  calcula- 
tion, tho  maximiim  acceleration  at  the  base  was  taken  as  150  gals  and  four  different  earth- 
quake motions  recorded  at  the  depth  of  127  m  near  this  site  were  utilized.     Also  shown  in  i 
this  figure  are  the  values  of  which  wece  obtained  from  eq.   (11)  on  the  assuniption 

that  the  M-valu»s  at  this  site  were  10  irrespective  of  depth  and  the  sands  in  this  point  were 
qIbah.    ThBttfbnr  tin  dynode  A««r  strvngtli      of  tiMM  sands  can  bs  cbtsinsd  tram  sq.  (10)  • 
tt  ean  fas         ttam.  Fig.  30  that  tins  vslus  cf  (t/o^,)^  oMatnsd  as  afaoM  are  almst 
Idsntleal  to  tbs  vslus  of  (T/o  , )    for  tbs  entire  dsptb  of  Interest*   Ttwrefore*  it  «ms 
««»lttata4  UMt  tiM  eritieal  ll^«aliis  of  10  is  a  pccvsr  valuiB  for  clean  sand  daposita  with  the 
value  of  ix/o^,)^  whicA  wave  estiaated  in  this  attidr. 

Saeondlyt  the  values  of  (Vc^t)^^  obtained  by  eq.  (11)  using  the  measured  ■•values  and 
O^,  were  compared  with  the  calculated  values  of  ('^/0^>)g  as  shown  in  Fig.  31.    It  can  be 
seen  from  this  figure  that  the  overall  values  of  ^'^^'^v'^t         less  than  those  of  (x/a^,)^. 
This  means  that  this  deposit  may  liquefy  during  severe  earthquake  motions.     However,  as  eq, 
(11)  is  based  on  the  test  results  on  clean  sands,  this  conclusion  may  not  be  proper. 

Therefore!  (T/a^' )£-valueB  were  estimated  by  the  three  methods  (a),  (b)  and  (c)  pre- 

sented  earlier,    in  Tig.  32,  black  sguaras  resent  the  (T/o^,)j^-valuea  obtained  by  the 

■ettiod  (a)f  )iollo»  eirolee  and  triangle  circles  represent  tibs  (7/0^,)^- values  obtained  by  the 

sMthod  (b)  and  hoviaontal  lines  rqparesent  the  rangee  of  (t/o^,)  ^^-value  obtained  by  the 

■ethod  (e).    And  the  hatched  aone  shcNn  the  aatiMted  range  of  (t/o^,)^.    Zt  can  be  seen 

fzen  this  figure  tiiat  the  eatinated  values  of  ix/a^i)j^  ere*  in  genetul.  larger  then  the 

estimated  values  of  (T/a  , )  .    This  conclusion  is  rather  different  from  that  which  can  be 

V  e 

derived  from  Fig.  31.  This  means  that  t^en  the  liquefaction  potential  of  sand  deposits  are 
evaluated  on  the  basis  of  dynamic  triaxial  tests,  these  tests  should  be  conducted  on  undis- 
turbed sanples  if  these  samples  include  mvich  fine  soils. 

An  additional  survey  was  performed  at  the  Haneda  site.    The  data  obtained  from  this 
survey  were  added  to  those  of  the  Akebono-Tatsumi  site  as  shown  in  Figs.  33  and  34.    In  these 
figures,  data  with  letters  A  weans  those  of  the  McsbaBO-satatsii  site.    It  is  seen  fxow 
thase  f Igurea  tdwtt  the  general  trend  is  aljnat  alsrilarfor  both  eites. 
The  Critical  iHvalues  Based  on  Pwwic  Triaxial  Tests  on  itedistmrbed  Sand  Sasplee 

Fig.  33  shows  the  relattienahip  betiiei  the  dyaawie  Shear  etvength  of  undistoidMd  sasplee 
Rj^  and  the  relative  density  O^  ■  21  /  "/a^,  +0.7  obtained  by  using  N-values  and  insitu 
effective  overbiirden  pressures  O^, .    On  the  basis  of  this  relationship,  the  critical  N-values 
were  determined  for  fine  sands  with  different  content  of  fine  soils  as  follows.    It  should 
be  noted  that  the  almost  mean  grain  diameter        of  sands  tested  are  less  than  0.3  om, 
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Therefore,  the  following  discussions  can  be  applied  only  for  sands  with  D_-  less  than  0.3nm. 

I>vJ 

While  there  is  a  large  scatter  in  the  data  shown  in  Fig.  34,  the  average  relationship  of 
tlMM  plots  oan  b«  r<!pr«Miit«d  oonMrvrntlvtly  «sx 


DR^  -  0.0035S 


<1«> 


th«  oontmit  of  f  Im  aolla  in 


Tin  VMlua  of  tu  li 


mtad 


«  0.0042  X  21  / 


*  0,7 


+  0.0035  S 


-  0.0882 


/ 


Oy»  +0.7 


+  0.0035  S 


(17) 


with       1MB  than  0.3  MK  betMaen  tin  eritioal 


TD  obtain  the  xelatlontfhlp  In  fine 

N-'valiie  for  the  evaluation  of  liqiief action  potential  and  tkut  content  of  fine  aolla  p  the 

eritioal  N-valoe  of  10  wan  selected  as  the  value  for  clean  aand  deposits  with  c.'  ■  0.5 
2 


kg/om  .    This  value  was  evaluated  fron  13m  afaove-ttuitionad  specifications.    In  the  apecifl'- 
oatlens,  it  is  specified  that  saturmtsd  sandy  soil  layers  vlthin  10  «  of  the  actual  ground 
surface  and  with  a  Standard  penetration  test  N-value  less  than  10  may  be  vulnerable  to 

2 

liquefaction.    Therefore,  as  the  mean  value  of  n^,  for  this  sandy  soil  layer,  0.5  kq/crtn 
was  selected.      if  this  critical  N-value  of  10  can  be  applied  to  clean  sand  deposits  like 
those  at  Niigata  City,  the  standard  value  of  Rj^,  R^,  can  be  obtained  by  Substituting 
N=iO,  0  ,  =0.5  and  S=0  into  eq.   (17)  as 


(10} 


Itaactr  toy  siibetitutlng  Rj^'  0.25S  and  o^i  "0.$  Into  eq.  (17)*  the  relntlcnship  betHsen 
the  eritioal  H-valua  fbr  sands  including  fins  soils  and  the  content  of  f isa  soils  S  can 
be  esQKessad  as: 

N  -  0.00189  (72.9  -  S)^  (19) 
From  eq.  (19),  the  critical  N-values  for  various  values  of  S  cem  be  obtained  as. 


N  - 

10 

for 

s 

0%, 

N  « 

7.5 

fbr 

s 

m 

10%, 

H  * 

5.3 

for 

s 

20%, 

N  > 

3.5 

for 

5 

30%  and 

N  - 

2.0 

for 

S 

40«. 
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From  thMM  viilum,  tlia  dastgn  erltlekl  th^uam  for  nnd  di^oslts  Ubout  D^-valuss  axe  1ms 
ttuui  0.3  H  oan  te  tantativaly  propMad 


N  -  10 


for 


S  =  0  -  10%, 


N 


7 


for 


S  -  10  -  20%, 


N 


5 


for 


S  =  20  -  40%  and 


N  »  3 


for 


S  -  40  -  60%. 


Since  theM  Talues  ware  obtained  fxoB  tlie  saall  nmbex  of  field  data,  oore  research 
is  necsssazy.   Thscefozef  the  oritlcal  N-vslues  reooDDMnded  for  design  puzposss  Aould  be 
dsteznined  after  acre  field  data  are  aoeunolated. 


Dyaaaic  behavior  of  pile  foundations  ia  liqusfying  soil  deposits  is  considered  to  be 
one  of  soil^struetnre  interaction  pzoblents  during  earthquafces.   As  this  prdblen  is  very 
eooplieated,  only  qualitative  resnlts  can  be  derived  fron  tiie  ei^MtiMantal  tests  eondueted 
in  tlila  study.    The  felloiting  ranarka  can  be  nade. 

(1)    Since  liquefaction  phenomena  progress  with  rei^ct  to  time  and  with  respect  to 
apace,  the  effects  of  liquefied  sands  on  the  piles  vary  as  functions  of  tine  and  sapce. 
It  can  be  normally  recognized  that  the  response  of  a  pile  foundation  with  a  normal  rigidity 
is  small  during  earthquakes  before  liquefaction  initiates.     The  response  increases  abruptly 
after  liquefaction  begins,  and  decreases  when  complete  liquefaction  takes  place.  During 
the  ccoplete  liquefaction,  soils  behave  as  heavy  liquid,  and  piles  are  subjected  to  bydro-* 
dynamic  preeainrea  due  to  the  liquefied  aoila. 

(3)    itie  relatlonahip  anong  the  natural  frequency  of  the  pile  foundation  supported  by 
the  surrounding  soil  deposits  before  liquefaction  initiatee*  the  natural  frequency  of  the 
pile  foundation  suibaierged  in  eonpletely  liquefied  soils  and  tfte  predonioant  frequency  of 
input  ■Ptiop  is  the  nost  iaportant  factor.    Oynanic  btfia^lor  of  pile  foundaticne  In  the 
oourse  of  liquefaction  of  sand  layers  will  be  considerably  affected  by  this  relationship. 

(3)     While  the  coitplete  liquefaction  continues,  the  soil-pile  foundation  systcEi  behave 
as  a  submerged  structure.     Since  its  natural  frequency  becoines  smaller,   it  may  resonate 
when  subjected  to  seismic  motion  with  longer  periods.     Accordingly  it  will  be  iinportant  to 
assess  the  conponents  of  longer  periods  involved  in  induced  seismic  motions. 

Wok  siivlified  procedure  in  evaluating  liquefaction  potamtial,  critisal  H^valaes  are 
proposed  on  tlie  baaia  of  dynamic  triamial  tests  on  undisturbed  sanples  and  the  standard 
penetration  tests. 

Mhile  additional  research  works  are  necessary,  the  tentatively  proposed  critical 
M-values  £ok  sands  uhose  0^-values  are  less  than  0.3  m  aret 

N  s  10  for  the  content  of  fine  soils  S  »  0  to  10%, 

N  «  7  for  S  =  10  -  20%, 

N  -  5  for  S  -  20  -  40%, 

N  -  3  for  S  =  40  -  60%. 
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1}  Itma  tend  <6s«2.M.  Os(rO>93Mi,  llc-l.S2,  i^— "0.93.  Cmib*0.66) 

2)  Tovoura  Sand  (Cs>2.Mi  Djo^.ltai,  Vc'l.M*  «^"0i96.  ^jn«O.M> 

3)  R»Uciv«  D*naity 

4)  Cacb  Pile  it  wmdm  of  aluaiiiuB  bara  with  7Qn  1a  iMiftth  and  2em  In  dlaaatcr. 
5}  Natural  Frtqucney  of  Flla  Fvondatlon  In  Vktcr 

6)  Frequency  of  Input  Hotlon 

7)  iteplitude  of  las*  Accalaration  before  Perfect  Liquefaction 

I)  EatlMtad  Katiiral  Fraqwaney  of  K«n-llqtt*fta4  Sand  Layar  ('r'lO'^) 

Table  1.    List  of  Test  Cases 

ifttBL 


Fig>  1     Teat  Arrangemeiit*  for  Teat  1 


IV-133 


Digitized  by  Google 


,  1W  wmt  t>  >I 


a 

"  ■  1  "  '-i^-  ^ 

J,  .1  

»•»*  #20"* 

u  0--  T  < 

• 

o 

 1-^  ( 

1  KIW 

_  i«  _ 


Fig.  2  Test  Arrangements  for  Test  Z 
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Fig.  3     Typical  Teat  Records  (Test  1)  (See  Fig.  1) 
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Fig.  5     Typical  Test  Records  (Test  4)  (See  Fig.  2} 
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Fig>  10     Variation  of  Response  of  Pile  Foundation  in  the 
courie  of  Liquefaction  of  Sand  Layer  (Test  5) 
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larger  than  0.96. 


Fig.  19       Stress  Condition  in  Dynamic  Triaxial  Testa 
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Fig.  21       Typical  Dyoazmc  Triaxial  Test  Results  (Tatsumi) 
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Fig.  29    ^  **       Relationship  Based  on  Fig.  26 
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O  (T/o»<)^  .  value  from  eq.  (15)  for  Nj 
A  (r/Ov')^  -  value  tnm  e^.  (is)  «sr 
■  Cr/^yO^  -  vaJtia  af  undiat«ff«ad  aaaplas 
I— I  itaafe  of  Cr/M<   -  valwa  fm  a^.  (is] 


Fig.  32        Con.pa riser  of  (T/<»v'  )    Based  on  Ovnatnic  Triaxial 
Teste  on  Undisturbed  Samples  with  (T/*»'  )e 
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EARTHQUAKE  RESISTANT  DESIGN  RASED  ON  GROUND  MOTIONS  AT  BASE-ROCK 
Eiichi  Kuribayashi,  Cniet,  Earthquake  Engineerinq  Section 
Kazuhlto  Kawasbijiia,  R;es&arch.  En9ineer,  Earthquaike  Section 
Public  Works  Research  Xnstitute 

It  Is  generally  knoun  that  4ynanio  behaviors  of  structures  are  Influenced  by  their 
gsowid  eeoditiane  and  tdiat  aarthquake  gzowid  aotloDs  racoidad  are  dsipaBdant  on  tdwir 
^xooad  eoodltieaa.    In  order  to  i^aeify  iwm  Inipat  earthquaka  aotloiis  for  deaign  o£  aveaey 
struotor*  on  and  uadar  tpeowAg  it  Is  uMfisl  to  Mlaet  teM-socka  in  gxmindr  utaaca  affaeta 
of  growad*  aaav  aurCaoo  ava  aaall  «aou0i  to  be  ignerod*  as  an  iapnt  taxtainal  idiara  oartit- 
q^aka  aotlMM  axa  to  bo  ipaelfiad.   in  ordov  to  lavrevo  aneh  aoiaaic  doalgnOf  disenaalono 
on  naeassary  conditions  of  boM-rodc  and  on  accuxacios  of  baao-xodc  mtioiw  oatliwitad  br 
theoretical  calculations  are  prasontsd.   BarttaqiMdie  responses  of  bddgos  are  also  pcosentad 
as  a  niBMCieal  aaaapla. 

KBmonSt  Jknalytloal  Bethodt  base  rooki  brldgo  fbandatlonsi  daooDwolatlon  pcoosduroi 

aartliiqiiakia  raoordsi  ground  oonditionsi  gronod  txansfter  ftanotionsi  4bnax  mam. 
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AdvuoM  In  taolinology  wooM  mUtm  It  po»»m>  to  oomtraet  hug*  ctnictucvK  with  dMWly 
fotiadatiora.    In  tte  current  — iilc  dMigns  of  atnietaxtta  tha  noual  pnetiea  la  to 
apeelfy  oaxthqiaalra  notions  at  a  gravity  oantor  as  an  input  own  in  traga  atmetncoa*  Honavor, 
baaed  on  obaarvatlona  of  undarground  aarthgiiiaka  aotlonat  tha  aarttig^aka  aottona  axa  not 
tinifoKV  In  gvowida*   ltiaxiaCor«#  it  ia  naoaaaazy  to  taka  into  aoooont  anch  txanda  in  tha 
Baianic  daslgn  of  atroctoraa*   On  tha  othar  hand*  it  is  ganarally  raoognined  that  earthqvako 
notions  recorded  eure  appreciably  Influenced  by  local  ground  conditions.    It  Is,  therefore. 
Inadequate  to  employ  the  recorded  earthquake  notions  directly,  disregarding  the  differences 
of  ground  conditions  in  the  seismic  design.    One  of  the  approaches  to  consider  such  problens 
is  to  select  a  suitable  widespread  formation  of  the  ground  (base-rock) ,  where  effects  of 
ground  near  the  surface  (subsurface  ground)  are  snail  enough  to  be  lgnored«  as  a  ooomon 
input  taminal  o£  aaztJiqiiaka  ■otlMia.   Hhan  ti»  aartliqnBha  notiaiiB  at  tha  salactad  foEaatinn 
are  found  to  fea  Indapanaant  of  tha  srapartiaa  of  tha  mdiaurfaoa  gsouad*  «haiv  otaaraotarlatioa 
can  b«  dlraetly  oaqparad  iflth  each  othar  anoig  varlona  aitaa.   By  spaoifyiag  lapnt  earUiqnako 
■Dtlona  at  tha  haaa-soofcaf  tha  aiAaurfaoa  gzound  ■atiaiiB  can  ba  datazaiaad  baaed  on  tba 
aaaavtiana  of  ivmrd  ahay  iMva  propagatlona  in  tha  grouada.   Vha  aarthviaka  rai^onaaa  of 
structures  can  then  ha  detandnod  by  appropriate  analytical  models. 

Although  the  base-rocks  are  generedly  selected  based  on  their  geological  and  soil 
conditions,  it  should  be  noted  that  they  are  essentially  selected  in  accordance  with  the 
characteristics  of  earthquake  motions  specified  there  (base-rock  motions) .     The  base-rocX 
motions  are  expected  to  bo  compared  on  the  same  basis  among  various  sites  as  an  index 
e^^ressing  seismic  Intensities  considered  in  design  and  we  can  appropriately  incorporate 
tha  sdbaurfaoa  ground  conditions  ao  as  to  specify  input  SDtlona  fbr  avery  structure 
QOttstructad  on  and  undargxound  (Fig.  1-1) . 

Mien  the  baas- rock  aotions  hava  such  eonditiona»  tha  ranalning  signif loaat  factors 
ultidi  iaf  luanoa  tha  hasa-xeefc  Motloos  uould  ba  vagnitttdas  Otiehtar  soala)  and  aipicsntral 
distanoaa.   rig.  1-2  ahoHS  oartiiguaka  aotions  clsssifisd  in  tsns  of  sudi  facbnra.  trcn 
an  anglaaarlag  point  of  view,  it  is  considered  desirable  to  apply  e«u:thguake  motions  in 
design  which  lie  on  the  dotted  line  in  Fig.  1-2.     The  level  of  intensity  will  depend  on 
the  factors  determined  bas«d  on  the  dynamic  behaviors,  magnitudes,  shapes  of  the  structures, 
etc.     For  instance,  earthquake  ground  motions  used  for  seismic  analyses  of  suspension 
bridges  in  Japan  are  shown  in  Pig.  1-3. 

This  paper  presents  the  conditions  of  base*rocks  to  iapxovs  seisaio  daaigna  baaed  an 
baae-aoclfc  aotions  end  diseussss  ttue     eeoursts    baas-ceek  ■Dtlons  sstiastad  by  ttMOEatieal 
calculatlona.   hlaOf  aarthqu>ba  rasponaaa  of  farldgaa  are  peeaaatad  aa  a  wwMrlpal  osMpie 

BASE-ROCKS  AMD  BASE-ROCK  MOTIONS 

hsswing  prppagationa  of  shaar  nsvas  in  hoviiontally  stratified  tm  alaatic  layacs  as 
shcsn  in  Fig.  2-1,  equations  of  aotion  osn  ba  aapressed  diaragarding  danping  tans  as 
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(j  «  1,  2) 


(2-1) 


j         suffix  expressing  j  tb  formation       (j  ••  1,  2) 
:    dMsr  nodolus  of  j  th  fozwtian 
t   wmam  dflmaity  of  j  th  fbnwtlon 

Vouriar  transfonuition  of  8%.  (2^1)  gives 

'  (2-2) 


in  Kliloli  tt^irMS  transfonMd  aolutloa*  of  v^. 
vrittm  Mf 


Tha  9«noral  aolution  of  Iq.  (2-1) 


(2-4) 


la  nhilftl      and      ara  arbitrary  constants  and  express  iuiplitude  of  downvard  and  upward 
aheeu:  waves  at       -  0.  respectively.     Determinations  of  tlia  OOMtanta       and  Bj  la«««d  OR 
boundary  conditions  give  the  solution  in  the  form  as. 


Tt  -  2Bt  cot  0^+*  > 


I  -  tan  '(«t»n— ) 
•^1 


(2-5) 


C2-6) 


(2-7) 


(2-8) 


Wxom  Bv*  (2-4)  to  (2->€}  tao  types  of  gzoand  tcansfar  fnnottona  oaa  ba  daf inad*  i.a* » 
•iweao  tha  gsowd  transfar  Anoticn  I^^3(m)  ba  daflnad  aa  ratio 
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la  tl»  tint  or 


(B2>r  tben  it 


U3r«r«  (V,  or  v.) 


of 


(ineidantal)  aotloiis 


bo  writtm  «a 
2eM- 


(lot  Uywr) 


(2]id  laywr) 


and  oqnpoae  tha  txansfor  fuaotion  ff^^20(u>  be  Oaf Inod  aa  ratio  batwaan  gzouad  Mtlona  in 
tha  firat  ok  aaocna  layara  (v^  or  v^)  and  ground  aotiona  at  tba  Intarfaoa  ^  '  ^  iv^ 
than  it  oan  ba  urittan  aa 


0), 


a 


(lat  layar) 


(2nd  layar) 


(a-io» 


fhe  ground  transfar  funetiona  dofinad  by  Ka.  <2-9)  and  (2-10)  duuigo  in  aeeecdaaoa  vltb 

tbo  paraneter  a  as  shown  in  Table  2-1,    It  ia  obvious  from  Table  2-1  that  both  types  of 
transfer  functions  in  the  second  layer  are  unconditionally  independent  with  properties 
of  the  first  layer  when  a  •  0,  i.e.,  the  shear  modulus  of  the  second  layer  is  infinitely 
large    compared  with  that        ©f  the  first  layer.     It  implies  that  both  the  incidental  and 
ground  motions  in  the  second  layer  are  independent  of  the  properties  of  first  layer  in 
avGh  oonditiam.   Bvan  In  tba  oaaa  idian  a  i<  0,  no  raflaotioBa  and  rofraotiona  of  propagating 
ahaar  ««vaa  davolop  ia  tha  aooond  layar*  providad  that  tha  aeoand  lagrer  ia  unifom  oootinna 
in  grounda.   In  auoh  oondltiona  tha  iaoidantal  notiona  in  tha  aaoond  layar  ara  indapandant 
of  tha  firat  layar. 

It  ia  raoo^iisod  tharafora  that  tha  aaoond  laqfor  oan  ba  aalaotad  aa  baaa-voofc  in 
oitawr  oaaa  whan  tha  aeoood  layar  ia  iaf initaly  atif f  as  oopparad  with  tiM  firat  layar  or 

when  the  second  layar  in  uniform  continua  in  the  ground.    Xn  the  former  oondition,  both  tte 
Incidental  and  ground  motions  in  the  second  layer  can  be  selected  as  base-rock  motions  whllo 
in  the  latter  condition,  only  the  incidental  motions  can  be  selected  as  base-rock  motions. 

The  ground  with  the  above  conditions  do  not  exist  in  practice.    It  is  required  there- 
fore to  relieve  the  above  conditions  from  practical  point  of  view  in  accordance  with 
objaetlvM  and  aeeoraelaa  naadad  in  tha  aaalyaaa.    Vov  oMMVla*  in  tha  Cenar  condition* 
influancaa  of  tha  firat  layar  (atibaurfaoa  ground)  on  tiia  ground  aotlona  in  tiia  aaoond  layar 
(baao-reck  aotiena)  wold  bo  oontrellad  to  ba  anall*  providad  that  tha  aaoond  layar  ia 
oonaidarably  atiff  ooaparatlvaly  to  tha  firat  layar,  and,  in  tha  lattar  oonditlon«.  Ineldantal 
■otlona  in  tha  aooond  layer  would  be  oenaidarad  aa  baao-roofc  notlooa  as  long  aa  tha  aaoond 
layer  continues  almost  unlfcnnly  with  tha  daptb  ahaira  ahaar  wvaa  psapagato  for  a  pariod  of 
pradoninant  notiona. 
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In  order  to  obtain  baae-rook  motions  fron  recorded  notions  it  is  required  to  incoxpot- 

ate  effects  of  local  substirface  conditions.    A  one-dimensional  analytical  model  based  on 
vertically  propagating  shear  waves  with  equivalent  linear  materials  is  currently  established 
for  such  purposes.    An  accuracy  of  base-rock  motions  calculated  theoretically  by  the  decon- 
volution  procedures  was  correlated  with  the  recorded  underground  motions.    Three  underground 
motion  accelerations  observed  at  Ukisbina  Park  near  Tokyo  (Table  3-1)  were  employed  for  this 
purpoM,   The**  mtloiis  wtr*  tbm  mott  •igmlflcant  ones  x«oondad  dp  to  tb»  fxmamat. 

Underground  Transfer  Functions  Estimated  from  C^Mervatlons 

Soil  profile  at  Ukishima  Park  (Fig.  3-1)  consists  of  upper  alluvium  soft  formations  and 
lower  diluvial  hard  formations  which  lie  50  m  beneath  the  ground  surface.    Earthquake  motions 
were  recorded  at  four  points,  i.e.>  at  the  ground  surface,  27  m,  67  m  and  127  m  beneath 
the  ground  surface.    Power  spectra  were  calculated  to  estimate  predominant  frequencies  as 
■hoHn  in  Figs.  3-2  to  3-4  and  It  was  found  fxosi  these  results  that  they  are  approximately 
4>7  c/b  for  A-aarthqualm  wtion  and  0-1  e/a  for  B-  and  C-aaxtbqiiiiEa  nations.   Tha  foxaar 
aotloii  was  obtainad  fieon  anall  aarthquako  in  nagnituda  with  ralativaly  tfioKt  «pieantral 
diatanca  vliila  the  latter  nations  ware  obtainad  fron  large  aarthgvokas  in  nagnituda  with 
long  epicaDttnl  distaneas* 

Ground  tranafar  fuaetions  (anpiituda)  hatwaen  aadi  raoordiag  point  war*  ealeulatad 
as  shown  in  Fig.  3-5.    It  is  noted  fzcm  the  raaolt  that  although  ttm  gzeond  motions  have 
significant  differences  in  their  predominant  frequencies,  the  ground  transfer  functioni 
obtained  fron  the  notions  are  alnost  indsipendwit  of  such  characteristics. 

Thaosatieal  and  Batinatad  Ground  Tranafor  Fonetloiia 

The  ground  transfer  f unotlons  ware  thooratically  datatninad  by  calenlattona  baaad  on 
tha  daoonvoltttion  paooadnrea.   An  analytical  nodal  was  foxnulatad  based  on  the  soil  profile 
of  Pig.  3-1.    fho  ahear  moduli  of  eoila  ware  evaluated  by  estimated  shear  wave  valoeitiea 
(n^aao)  baaad  on  a  ralationahip  wi^  tha  Ifr'valuaa  obtainad  by  field  teats  aa 

-  60  liT  (3-1) 

The  shear  noduli  of  aoils  G^  dateminad  based  on  Bq.  (3-1)  oorraspond  to  tha  value  at  low 

o 

anplltoda  atrain  lavel.   Since  tha  ground  notions  studied  were  vary  anally  it  was  found 
appcopriata  to  analyaa  tiiv  by  uaiag  G^. 

Fig.  3-6  alwMS  tha  oenpariaons  of  thaoratieal  and  obsarvad  underground  txanafar 
functions.   A  danping  ratio  of  2%  of  tha  critical  was  aaauwsd  in  tbm  thaoratieal  oalculatlona. 

Theoretical  and  Measured  Underground  Motions 

The  underground  notions  were  coniputed  for  C-eartbquake  theoretically  by  specifying  the 
reeocdad  surface  notion.   She  deooRvolution  prooedura  was  applied  uaing  tiie  analytioal 
nodal  fbmulated  in  the  preeeding  paragraph.    Fig.  3-7  shows  oo^parisons  batwsen  eeoputad 
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And  ncoKdnd  iindiw9saiind  nDtlmiB*   Both  notloas  nn  oonsidsrad  to      in  ftilrty  good 
■ant.    It  VDiild  IM  ponnlMa  to  iiprov*  tlM  ooiviitad  Motion*  by  foBMilatiag  nor*  Mcvrnto 
annlytionl  aodols  baaod  on  pcociM  inv«ati9ntiann  o£  gsennd. 

Bas«d  on  tho  raoulto  proaontad  It  was  recognized  that  tha  daconvolution  procedures 
based  on  shear  wave  propagations  ara  affactiva  in  taking  acoeont  Of  local  gxoond  oondltiona 
into  recorded  eiurthqiMiKe  notions. 

MWKICM.  gaUIWtt  FOR  CKbCDUTXOM  OF  BMB-MCK  II0II0II6  MID 
BMtRiQilMCB  nSIOHSn  OV  IWIDCi 


Analytical  Model 

A  discrete  analytical  model  as  shown  in  Fig.  4-1  was  formulated  to  calculate  earthquake 
rasponses  of  the  embedded  foundation.    The  equation  of  motions  of  the  system  can  be  vrrittan 


_P     -e   -p     -p  -p     -1>  -p 

*  Sa  *i  "  3g*  *K       "  V  ■  - 


M    :  mass  matrix  of  structure 
-P 

N    :  mass  matrix  of  surrotinding  soils 

t  danping  matrix  of  atrootura 
K   t  atitftiaaa  mtrlx  of  atrootura 


I  daaping  natrlx  auvraaalng  ladiatlonal  damping* 
%^  I  stif fioaas  natrlx  aaqpcaaaiag  laringa  batwaan  atroetura  and  aarroroding  aoUs 

u  ,  u  «  u_  t  abaolttta  dlnlBeenant*  valoeltar  ond  aoealaratien  vectora  of  atraetvra 

~v  ~p 

tt_«       abaoluta  dlaplaoanant  and  valooi^  vactora  of  adbavrfaca  groand 


in  which  tha  aobaorfaoa  ground  notiona  of       and      ara  aBBUBBd  to  ba  apaclflad.  Oanotlag 


M  -  M   -t^  H 
-    -p  -e 

C  -  +  a  (4-2) 
Bq.  (4-1)  can  ba  vrlttan  aa 
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The  vector  can  be  conveniently  decomposad  into  a  quui-statlo  dlsplaceaent  vector  and 
a  dynamic  dii^placement  vector  u,«  i.e.. 


u    ■  u  .  +  u 
-1»  -p» 


<4-4) 


Bgr  dftfinitloii  of  qnaai-statle 


In  tlM  ftm  as 


-  0 


(4-5) 


ean  b«  «ritt«B  mm 


-  -  K 


SuBstxtutions  o£  Kqs.   14-4)  and  (4-6)  into  £q.   (4-J)  gives 


M  u_.  +  C  u,  +  K  u,  'MK    u_+(C  +CK)u 

— pd    —  -^d  — pd  — 8  -g      -e    —  -ii 


(4-7) 


UaiwUy  th«  di^iag  tva  On  tto  rl^t  hud  alte  of  Iq.  (4-T)  la  aigiiif  lomt  oo^wrlng 

with  th«  tnwt-la  tanu  ao  tha,t  It  oau  bo  dxppgpad  ttom.  tte  aqpiatlon  withoitt  Intxodooinf 
slgaifioMit  «r«ora.   Umii  Iq.  (4-7)  eaa  b«  itrltt«ia  u 


Eq.    (4-8)  can  be  solved  by  mode-superposition  procedures  provided  that  the  damping 
maturix  on  the  l«£t  hand  aid*  of  th«  •quatlon  is  assumad  to  b«  trlangulaxined  in  th«  sama 

mmiar  as  tha  nass  and  atiffnaas  aKtrlcva  in  tte  form  of  dwi>tng  zmtlo  of  critical. 

MiMrical  Exanple 

The  Itajiina  Bridge  is  a  ccMiiposite  steel  girder  bridge  with  five  simple  spans  as  shown 
in  Fig.  4-2.     In  this  numerical  exairplc,  earthquaJce  response    of  sp-nn'^  rinr- foundation 
of  the  bridi7<!>  from  right  hand  side  was  j  n  /^qt  igatpd  based  on        ea?  tbquake  motions  recorded 
on  ground  surface  near  the  bridge  (approximately  400  in  apart  from  the  bridge,  refer  to  Fig. 
4-3).   An  MurthqaaJM  notion  •oceleratlon  seloetad  w««  induood  by  Hyuganada  Barthquaka 
OlprU  1»  IMft,  M  a  7.5,  A  «  100  Mb)  and  had  tha  MutlauD  a^plltoda  of  IBS  gala  aa  afaoim 
in  Pig.  4-4. 

Baaad  on  aoil  Invaatlgatlona  oonduotad  naar  tiia  plar^foundation  (Pig.  4-5)  it  waa 
found  that  tha  aell  prof  11a  oomiats  of  icp«r  aoft  loaa  fomationa  with  an  avaragad  tt-valoa 
of  7  and  lowar  atiff  gzaval  fwaaticna  with  averagad  H-^vaa  of  30  or  aore.  AasuBing  tba 
ralatton  of  Sq.  (3-1) «  the  relative  stiffness  a  definad  by  Eq.  (2-7)  between  the  loam 
axtd  gravel  formations  was  estimated  approxinatply  as  0.48  for  low  amplitude  ground 
vibrations  and  0.34  for  hig  i  axpli-.uiu     round  vibrations.     It  was  expected  therefore  that 
ground  motions  in  the  gravel  formations  would  be  less  significantly  influenced  by  the  loan 


—  %d  *  ■*■  ■  -  ^  2g 


(4-8) 
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of  htum'xodkm  in  tlw  psvoadlng  diiptair  It  «ma  judgad  ilwt  tlw  9raf«l  Conwtlom  wdarlying 
10  m  bttlow  th*  mirfaos  ooold  ba  MlMtad  u  teM-xook  «t  tMs  alt«.   On  tha  otiMr  baodr 
^Bowad  conditions  had  not  yet  be«n  Invastlgatad  anoagb  at  the  xaoordlng  site.    Bas«d  on 

topography  of  the  sites  it  was  assumed  that  the  gravel  formations  existed  at  the  bridqp 
site  continues  to  the  recording  site  and  underlies  20  m  below  the  surface.     This  assumption 
coincided  with  the  evidence  that  predominant  frequency  of  the  ground  was  approxinataly 
3-4  c/s  in  field  microtremor  observations  at  the  site. 

tha  gEOuad  aotioa  and  infiidantal  aotidn  at  tha  top  faea  of  gravaS.  fiwaatiMia  wara  ■ 
tbaoratlcally  oalculatad  aa  ^Ixmn  laMga*  4-6  and  4-8*  ta^pactlvely^  by  tJia  daoonvolution 
pKoeaduraa  taking  into  aoooont  tlia  aliaar  Moduli  of  loaR  focmtloiw  witb  their  atraln 
dapandaDcaa.   Vlg.  4-7  aliD«a  cavarlaona  of  reaponae  aoealwatlon  apectew  ba^iean  the 
saoovdad  aurfaoa  aotlon  and  tkaoratioally  oaleolatad  baaa-Koofc  Batlan  (Pig.  4-6) .  sha 
plar-foKoidatlon  and  auxxoundiag  aubaiarfaea  gsoand  naxa  ■odalad  aa  itamm  la  Pig.  4-0  by  tba 
analytical  model  deaerlbad  in  tba  preceding  paragraph.    Ifaa  leaa  fsnatlana  waxa  Idaalized 
by  one  dimensional  shear  colusnn  model  with  equivalent  linear  soil  properties.    The  weight  of 
girder  supported  by  the  pier  was  treated  as  an  additional  lumped  mass  at  the  pier  top.  The 
mass  of  surrounding  soils  defined  by  Eq,    (4-1)  was  dlsrerrarded  in  the  analyses.  Vibration 
modes  and  natural  periods  (1st  -  3rd)  calculated  for  the  subsurface  ground  and  pier-founda- 
tion an  aboan  in  Fig.  4-10. 

— rtfaquaka  ravonaaa  of  the  piw-foundatlon  were  oalculatad  baaed  on  Sg.  <4-6)  by 
aiplyiog  the  baaa-xoek  notion  diiplmwd  in  Fig*  4-6  at  tba  base  of  ahear  colum  nodal*  Tbm 
daaiping  ratio  of  5%  of  Hbm  eritioal  ana  aaaawd  in  tha  oalcalatlen.   fba  wMWtaMa  t«von«aa 
of  di«plaoMant8  and  aooalaratlona  ere  almm  in  Pig.  4-11  and  mtpraaantatl'va  response  tiaa 
taiatoriaa  at  tha  top  of  plar  are  diiv&iyad  in  Pig.  4-12. 

CXmCLOSIONS 

Baaed  on  tJia  raaulta  pMaanted,  iJia  follewing  oaaoluaiona  oan  ba  dednoedi 

(1)  In  order  to  apadfy  comnon  input  earthquake  motions  for  design  of  ovorr  stmetura 
on  and  underground  at  various  sites,  the  useful  approach  is  to  select  base-rocks  in  ground, 
where  effects  of  ground  near  «^i:rfacf>  (f?':hf^urface  ground)  are  ?rmall  eiMmgh  to  be  ignored*  aa 

cortmon  input  terminals  where  earthquake  motions,  independent  of  subsurface  ground 
properties,  are  to  be  specified. 

(2)  Poaatiiona  oonaidarad  eao  ba  aalactad  aa  baaa  «oeka  at  tiam  aita  aithar  ahaa  tiiay 
axa  Inflnitaly  atlf f  as  oaqparad  vlth  ttia  ovatbordan  atibiaarf aoa  gxoonda  (a  «  0)  or  nlhan  thay 
aro  ttnlfDm  oraittmia  in  greoad*   in  tiia  fooMr  oonditloBf  both  tha  inddanital  ■otlona  and  tha 
ground  Botiona  in  thoaa  fonationa  are  aalactad  aa  baaa-xodc  nDtlooa,  while  in  tha  latter 
condition*  tha  inctdantal  wtlona  in  thoaa  foiwattona  are  aalaetad  aa  baaa-mok  notioaa.  It 
is  required  to  relieve  the  above  conditions,  however*  fron  practical  points  of  view  in 
aeoordanoa  vlth  oblectlvaa  and  accncBclaa  needed  In  daaign. 
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(3)  Baaed  on  the  consslativ*  atudles  oonduotsd  toae  tlM  undarground  earthquake  motions, 

deconvolutlon  procedures  based  on  vertically  propagating  shear  waves  with  equivalent  lineeur 
material  properties  were  effective  in  incorporating  local  subsurface  ground  conditions  into 
earthquaXe  motions  recorded  on  grounds. 

(4)  The  seianlc  analyses  based  on  base-rocJc  motions  «fere  successively  applied  to  the 
Itajiflw  Brldgs. 


Ths  authors  wish  to  e^qprass  thsir  aiaesre  appreciatloii  to  Mr.  Soshio  Iwasaki  and  Mr. 
ftman  Itakiibaysihi.  Chlaf  and  tassareb  Engln— ring  of  VWKl,  In  Mddng  dUgitlaad  gxound 
■otlon  caoocds  awallible  to  tis.   IQpoolal  tbanka  an  also  doa  to  Mr.  Natuo  Shibata  and  Mr. 
Vadaakl  Miafata«  inglaMrs  of  Pllftl*  tar  their  oooparatlon  In  tha  praiant  Invaatlgatlon. 
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Fig.  i-2  6Q0UND  MOTIONS  USED  FOR  SEISMIC  ANALfSES 


Xtf-lSS 


Fig.  2-1  SUBSURFACE  GROUND  MODEL 


Fig  3H  SOIL  PROFILE  AT  UKISHMA  RSkRK  (6) 
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RgM  •  POWER  SPECTRUM  CF  A-EARTHCXJAKE  GROUND  MOTION 


rfCOOCNCT  (Ml) 


Fi9.3-3  POWER  SPECTRUM  OF  B-  EARTHOUflKE  GROUf©  MOnON 


Rg  3-4  POWER  SPECTRUM  OF  C-EARTHQUAKE  GROUND  MOnON 
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Fig.  4-1  DISCRETE  Amyj\CAL  MODEL  OF  DEEPLY  EMBEDDED  STRJCTURE 


enOQE  PER  STUUEO 


Flg.4-2  GENERAL  VIEW  or  nSJIMAeRneE  (4) 


Rg.  4-3  LOCATIONS  OF  iTAJiMA  BRIDGE 

AND  ACCELEROMETER  ON 
GROUN)  SURFACE  (4] 
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Fig.  4-4  EARfMXWKE  QHOJND  MOTION  ACCELERATION  Z&lSl 
RBGQROED  ON  OROUND  SURFACE 
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Fig  4-5  SOIL  PROFILE  AT  ITAJIMA  BKIOGt  (4) 
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Fq.  4-6  CALCULAIED  BASE-flOCK  AQOELJERAJICN 
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BASE-ROCK  AND  SURFACE  GROUMO  MOTIONS 


Fig.  4-e  QfiiOXAJLO  INQDENTAL  AND  RAOATtOMAL  MOTIONS  CACCELERADOK) 
AT  BASE-RDCK 
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Fig,  4-9  ANALYTICAL  MOCEL  OF  BRDGE  FOUNQftTION 
WITH  SURROUNDING  SUBSURFACE  GROUND 


Fig.  4-»  VIBRATKM  MOOES  OF  PIER-CAISSON  WD  GROUW 
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J«rry  8.  DoM 
0.8*  Buram  of  laelMMtloBt  OenvBrt  Colorado 

ABSTBACT 

OHtoinl— nt  daw.    steps  in  the  analysis  are:    (1)  specify  location,  diqpth,  and  nagnitude 

of  critical  specifically  located  earthquakes,   (2)  attenuate  selsnlc  waves  to  site,   (3)  dotOV 

mine  site  response  to  seismic  waves,    (4)  analyze  response  of  structure,   (5)  evaluate 
results.     This  discussion  addresses  the  first  step  and  proposes  the  establishment  of  a 
minimvun  earthquake  —  the  basic  earthquake  —  for  damsites  in  the  western  united  states. 

Kmnmsi   BarthguatcOf  dhmi  Dyiuale  Jtaalytio 
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IHTRODUCTION 


tttohmiquM  pttntit  natlMBAtioal  dytMMie  analyais  of  oonoMte  and 
St^a  in  tlM  analyal*  artti    {!)  apaolfy  loeatlon,  dapth,  and  aagnitoda 
of  orltloal  a^iflcally  loeatod  a<rtfmnfca»,  (2)  attawuta  aalaaic  Mvaa  to  alta«  (3)  datar- 
vlna  site  raqponaa  to  seismic  waves,  (4)  analyze  response  of  stmetura,  (5)  evaluate 

results.    However,  with  respect  to  the  first  step,  there  should  be  a  small  earthquake 
which  is  indcT'^ndent  of  location  and  which  does  not  control  or  dominate  the  design  of  a 
dam,  and  therefore,  should  be  a  basis  of  comparison  for  sx>ecif ically  located  earthquakes 
to  determine  if  their  effects  will  exceed  those  of  a  small  earthquake.    Also  this  a{>proach 
paxaita  during  Hm  design  of  a  dan  a  xational  Maana  for  tha  oenaidaratioii  of  «aall  aarth- 
qiaakaar  idilcli  ara  difficult  to  dafina  aa  ^aeifleally  locatad  oarthquakaa.    lha  follovlny 
avaluatlon  la  baaad  on  information  about  waatam  imitad  stataa. 

RELATIONSHIP  OP  EARTHQUAKE  NACNITUDB  AND  INTENSITY 

Mo  dlract  ralatloiMbip  aailata  batman  wagnltuaa  and  opleantxal  Intenalty.   Howavar*  a 
general  oorralatlon  does  axiat  and  has  baan  atu^Ued  by  imqr  tnfieBtlgatora*   Darivad  rala- 
tionihlpa  of  tkraa  Invastlgationa  (Gutanbacg  and  Rio!btar«  1956»  sofpoaada*  197St  xrlnltaajqr 
and  ChaAg«  1975}  ara  ataOMn  In  Fig.  1.   Mltliaut  violating  tha  praeialon  of  thaaa  agMationa 
tha  ralatlonehip  between  nagnltuda  and  agpieeotral  Intenalty  oan  ba  laore  al«ply  atated  aai 

M  -  2  +  1/2 

or 

1-2  (M-2) 

Where  N  -  Richter  magnitude 

X  ■  Modified  Meroalli  Intensi^ 
A  ooaparlaon  of  three  ficwamn  intenalty  ecalas  la  dtom  In  rig.  2» 


A  claaelf icatlon  of  aartfaqoalsaa  for  engineering  aelanology  Inowcporatlng  tlie  above 
relafttonehlp  la  shom  In  Table  I. 

TABLE  I 

Engineering  classification  of  Earthquakes 
ClasaiCication  Magnitude  Ramge  Epicentral  Intensity 

Mlexo  up  to  2.0 

Very  Minor  2.1  to  2.9  X 

Minor  3.0  to  4.4  XX,  XXX,  XV 

Moderataly  strong  4.5  to  5.9  V,  VI,  VII 

Strong  6.0  to  6.9  Vlix,  xx 

Major  7.0  to  7.9  X,  XX 

Oreat  B.O  and  D!p  XXX 
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"Stzongf"  "Major »"  and  "Gcttat"  hava  baan  vmmA  for  am  tiaa  by  tha  Ctaitad  stataa 
Oaologlcal  Surv^r  to  doaerilM  tha  aagDituda  oC  aarthquakaa.   lha  xaBalalng  elaaaifioatSott 
noMttolatura  la  alao  apployad  by  Uia  Gaologloal  aaxvmf  (W.  Pacaon,  paraoaal  i  rwiiiliiat  Umi) . 
Iha  tntanal^  relationship  is  from  tha  above  aquation.    "Micro"  aaxthquakes  are  not  felt 
and  are  detected  only  with  instruments.    "Very  minor"  earthquakes  are  on  the  threshold  of 
human  porcelvabllity.    The  classification  of  "Minor"  is  used  for  those  earthquakes  with  a 
•magniMide  range  of  3.0  to  4.4.     These  are  felt  earthqueOces  but  inflict  at  most  only  slight 
damage  in  the  United  States  and  correspond  to  epicentral  intensities  o£  II,  III,  and  IV. 
The  "Hodezately  strong"  earthquake  is  that  classification  between  ndnor  and  atrong. 

Minor  aarttiqpMkaa  ean  bo  cBp»id«gaa  as  not  baviag  aaaoeiatad  vurfaea  rv^tur*  of  tha 
ground  snrfaoa,  aaa  Fig.  i.   An  axeaiiition  vmf  ba  aaallar  aarthqvakaa  nhich  oeeur  on  fanlta 
eaipabla  of  peodoeSng  oraap  and  nodarataly  atrong  or  larger  aartfatnakas*    Tha  nagnituda  3«5 
aarthqMalM  ahoMk  on  Fig.  3  ia  an  aarthg^iaka  on  tita  XBp«rial  fault  In  California*  ubitdi 
aarliar  rqptarad  at  tha  ground  aurCaoa  in  1940  aa  tlia  raaolt  of  a  nagnitute  7*1  oarthqnafco. 
Whathar  this  3.5  magnitude  earthquake  actually  cauaod  surface  rviptore  is  still  open  to 
discussion.    Shallow  moderately  strong  earthquakes  may  produce  ground  rupture  on  the  fault 
generating  the  earthquake.    Shallow  strong  and  larger  aerthquakas  are  very  likely  to 
produce  ground  rupture  on  the  source  fault. 

From  the  study  by  Krinitzsky  and  Chang  (1975) ,  it  is  reasonable  to  assume  that  minor 
earthgpakea  do  not  possess  near  field  effeoto*  see  Fig.  4.    that  is*  higher  Awquency 
content  and  conplieatad  wve  focBa  ganaratad  near  tha  aartfaqnaka  aouroe  are  filtered  out 
of  the  aeianic  signal  by  the  tine  it  reaches  the  ground  surface.   A  reasonaUe  conclusion 
is  that  a  ninor  earthquake  results  only  in  far  field  vlbratiena  at  the  ground  surfaea. 

BftSIC  EARTHQOAKE 

The  basic  eartiiquaka  is  dsfinsd  as  tbm  iBlnlmn  earthquake  considered  in  the  design  of 
a  dan.    It  yieida  tha  imwIiwui  ground  notion  idilcdi  can  be  aaveeted  for  a  ninor  earthqodce. 
Because  of  unoerteintiM  with  respect  to  the  location  and  ocourrMoe  of  ninor  earthquakes  ~ 
prinarlly  beeauaa  of  the  lack  of  good  historical  and  instrumental  data  —  it  is  prudent  In 

da«  design  to  assume  a  ubiquitous  nature  for  minor  earthquakes.     In  many  areas  of  the 
western  United  States  it  is  likely  that  imposing  the  basic  earthquake  will  be  more  severe 
than  the  resulting  site  ground  motions  detersilned  from  upeuifically  located  earthquakes. 
The  bedrock  characteristics  of  the  basic  earthquake  ares 

1.  Peak  acoaleratlon  of  .10  g. 

2.  HaxiMM  duration  (g  >^  .05  g)  of  8  aae. 

3.  no  aurfaoe  fault  rupture. 

4.  Mo  near  field  effeeta. 

Krinitssky  and  Chang  (1976)  Hmr  that  for  far  f laid  tiu  Unit  of  observed  data  for 
peak  acceleration  for  an  intensity  between  XV  and  V  is  .10  g  (Fig.  5).  Correspondently* 
Gutenberg  and  Richter  (1956)  correlated  an  acceleration  of  . 10  g  with  an  intensity  VII 
(Fig.  6).    Eaploying  the  limit  of  observed  data  from  Krinitzs)^  and  Chang  is  conservative. 
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For  rock  the  upper  bound  of  duration  for  accelerations  exceeding  .05  g  ^or  intensities 
batwn  XV  uid  V  is  8  mc.  u  iOxmn  fay  XrinltSBlQr  «Bd  Chang  (1976)  (Fig.  7) .    Thia  also 
afpaars  eonaairvative.   Bedrodk  can  be  aaanaed  1»  be  rode.   Studies  by  Didter  et  al.  (1972) 
found  that  peak  aoeelwratloiis  during  the  1971  San  Fernando  earthquake  in  eouthmi  California 
ware  higher  in  zocke  than  aurficial  dapoaits  (alluvium}  for  40  to  60  k»  from  the  epicenter. 

An  engineMing  geologic  daacripticn  of  tbm  three  prlnary  earth  materlala  ist 

BedBoefc  •>  A  generic  tent  that  entaaeee  any  of  the  continuous  and  generally  indurated 
or  con^ct  earth  natarial  that  nskes  up  the  earth's  ernst  and  is  exposed  at  the  earth's 
surface  as  outcrops  or  is  covere<3  by  surficial  deposits  or  topsoil. 

Surficial  Deposits  -  The  young^  generally  loose  and  normally  unstratified  earth 
material  occurring  at  or  near  the  earth 'i^  surface  aa  a  bedrock  cover  and  of  two  major 
classes:     (1)  dislocated  and  generally  eroded  or  weathered  bedrock  materials  transported 
by  water,  wind,  ice,  gravity,  and  nan  to  another  place,  and  (2)  sedentary  deposits  fozined 
in  situ  as  a  result  of  weathering  and  cihenieal  prooessee  or  by  the  aoeiamilatien  of  organic 
natter. 

vapsoil  -  Ths  darker  Mlorsd  vppvr  portion  of  a  soil  profile  #  the  organic  layer  and 
organic  ridi  A  layer. 

GOVERNING  EARTHQUAKE 

Daing  the  data  froB  Krinitssky  and  Chang  <197S) ,  as  showi  in  Fig.  6,  a  general  guide- 
line can  be  developed  indicating  when  the  basic  earthquake  will  govern  or  when  a  specifi- 
cally located  earthquake  will  dominate.    This  is  shown  on  Fig.  9*    Also  shown  is  a  curve 

for  a  peak  acceleration  of  .10  g  dovelopod  from  seismic  wav#  attenuation  studies  of  othars 
and  depicts  the  nx>st  moderate  attenuation  characteristics  expressed  in  these  studies 
(Gutenbcxg  and  Richter,  1942;  Housner,  1965;  Blume,  Kanal,  1966;  Esteva,  1970; 

Sohnabel  and  Seed,  1973;  Duke,  et  al.  1972;  Donovan,  1973;  Trlfunao  and  Brady,  1976).  The 
actual  attenuation  cnployad  in  the  dynanic  design  of  a  dan  is  nore  likely  to  generate  a 
curve  to  the  left  of  this  curve  rather  than  iMtween  this  curve  and  the  Krinitsaky  and 
Chang  curve.   This  neans  generally  that  specifically  located  earthquakes  need  to  be  evaluated 
only  ifithin  125  In  of  the  danaite.   Also  the  controlling  i^piesntral  distances  for  governing 
epeoifioally  located  earthquakes  f«r  earthquake  olasaifioatione  greater  than  nagnitudes 
4.4  can  be  estinated. 
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FIODRB  I.  .n  sone  of  several  curves  relsCing  nagiiitude  and  intensity 

values        the  western  United  States  (Gutenberg  and  Richter 
eux«e  fn»  Krinitslqr  and  Chaog,  1975). 
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ABSTRACT 

Baaaasefh  aetivltlaa  ia  tha  aartli^iaka  dangiar  hava  baan  eritloally  raviaaad.  ttany 
raaaagehara  ooneantratad  on  tlia  ato4r  of  tiia  paat  aartl^pialca  data  and  atatiatloal  aaalyaas 
of  thaaa  data. 

This  paper  preaanta  an  application  of  Giaisel*a  theory  of  extraaiaa  for  the  prediction 
of  the  Intensity  of  future  aartfaquakaa.    iha  papar  eoocludaa  with  a  naif  zagioiMkl  salanlc 

coefficient  map  of  Japan. 

KsmoBDSt   Barthgoaka  dangaari  iauabal.*a  tltanry  of  ewtrawae»  litaratnra  ravlawf  ragiooal 
«al«Mle  eoaffioiant  nipi  atatiatioal  aaalysla. 
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1.  INTROOOCTION 


Oom  of  tba  «o«t  Iqpertant  peobitaM  ia  urt-hmwlw  ugln— rlag  i*  to  ^radiet  statiotleally 
tlw  IntaiMl^  o£  futon  MrthqiukM  fm  tin  put  MzthqiHlw  dBtkf  miaarn  at  tlw  SMMBt 
tlM  tlw  pnoiM  oixtbqDalu  forocut  Is  difficult*   In  tta  psoooM  of  tlw  pMdlctlmi«  tlw 
aaloetion  of  the  past  earthquake  data  and  statistical  method  of  analysis  are  aost  Isportant, 

bscawe  the  available  earthquake  data  are  not  sufficiently  large. 

Many  investigations  have  been  carried  out  in  these  two  subjects  in  Japan.  However, 
there  lia^  been  no  research  on  the  prediction  of  the  intensity  of  future  earthquakes  based 
on  the  theory  of  extremes  developed  by  Guobel.    This  paper  deals  with  the  expected  values 
of  the  intensity  of  futnxe  eacttoquakas  on  base  zo^  as  wall  as  oa  the  surfaoa  of  gxovsd  by 
intseduciaa  owbel's  Theory  of  irrrroaas* 

2.    OBBMIL  rnnai  or  ns  BMtlHQniS  DKHStR  IK  JAPAN 

Ihs  earthquake  danger  in  a  certain  place  nay  be  defined  by  the  seinie  aotivilgr  In 
the  vicinity  and  the  eharaotMristlcs  of  tlw  soil-layers,   in  ord«r  to  clarify  tlw  eartii- 
^pwke  danger  aore  reliably*  it  ia  neoeaaary  to  ImveBtlgate  the  regional  distribution  or 
vnriatlon  of  tbo  solsvio  astivity  and  the  ^wractsristios  of  soil-layers. 

General  rerlsifs  iadioate  that  sons  research  Has  been  conducted  cenaidering  aeisaic 
activity  only,  i.e.,  magnitude  f requenoy  distributlm  and  focal  distribution,  disregarding 
the  regional  difference  of  soil  characteristics.    A  few  investigations  seem  to  be  parfomad 
considering  the  influence  of  the  soil  characteristics,  but  not  sufficiently. 

Since  Dr.  H.  Kawasumi  published  his  reoional  map  on  the  earthquake  danger  in  1951,  the 
research  activities  have  increased  in  number  as  many  as  10  in  Japan.    The  outline  of  the 
rassarch  ceodootad  on  tte  aarthquaka  danger  ia  the  vicinity  of  OSpan  is  as  fbllowst 

Dr.  K.  KaiMsuBi^^  observed  the  fbllowlng  relation  between  the  seisnio  iatsnsity  I  in 
J.M.A.  and  the  swaiiwuw  aooelsratlon  ssplitode  a  on  tiw  gcoundf 

a  (gal)  -  0.45  z  10**'*'  (I) 

Taking  into  account  the  fact  that  the  regional  diatribution  of  the  intensity  is  closely 

related  to  the  epicentral  distance  and  the  magnitude  of  an  earthquake,  he  also  determined 
the  relation  between  the  epicenters  and  his  magnitudes  Mj^  for  the  earthquakes  in  the  olden 
times  (A.D.  679-1925)  when  no  observed  data  had  been  given,  utilizing  the  descriptions  in 
ancient  documents.    Kawasumi  also  defined  the  relation  among        M|^,  I,  aad  the  epicentral 
diatanoe  d.    Taking  Bq.  1  into  eenslderatlanf  the  relatlca  is  revrasentad  la  tarns  of  M* 
a  and  A  as  follows  t 


*The  sqpwsoript  nwerals  refer  to  the  oorresponding  mawrals  In  Table  1. 
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log  a  -  M-0. 540-2.3  log  (VAq)  -  0.000915  (A-A^^) 

-  M-0.540-log  (r/r  )  -  0.00834  (r-r  )  for  r<r    =  100  tan  (2) 

O  O  O 

WtMM  r  MMUM  the  hypooentral  diBtano«»      •  100  In*      ■  Aoo'  +  18*. 

Using  the  data  for  the  period  679-1948  mad  Eq.  2,  the  eoqpeetad  ■axinnim  acceleration  WM 
calculated  at  arbitrary  point*  for  tho  return  period  t  year*  and  was  deterslned  by  the 
following  eqoationf 


o 


1 

T 


(3) 


where  n(ci)  and  T  are  the  teequeney  of  wa»iiM>  aoeeleration  anplitnde  and  the  data  period 

in  year.    8e  obtained  finally  the  zogional  diatrifaation  of  the  ei^eeted  aeeeleration 

aaplltude  for  the  return  periods  (T  •  50,  75,  100  and  200  yeare)  at  every  half  degree  point 

in  latitude  and  longitude. 

2 

Dr.  I.  Muranatsu    analyzed  the  destructive  earthquakes  in  latitude  and  longitude  slnoe 
1926  and  obtained  the  following  equations  as  the  relation  among  N,  r  »ziii  naxiiRBt  velocity 
aaplitude 

V  (cm/sec)  -  C(ll)r'^  ^"'^'0^^ 


log  C  <ll)  -  0.65SN  -  1.719 


log  re  (M)  -  D.14S 


(4) 


Dividing  the  earthquake  data  into  two  periods  A.D.  679-1867  and  A.D.  1868-1956  and 
using  these  data  in  each  period,  he  made  the  same  analysis  as  Dr.  Kawasuni  and  pointed 
out  that  the  distribution  of  the  expected  maximun  acceleration  amplitude  resembled  each 
Other,  but  the  absolute  values  were  fairly  different  between  both  cases.    So  that  the 
regional  diatrihatian  e£  the  expected  Maxiwiai  velocity  amplitude  Vo  for  the  return  period 
(T  -  50  3reers)  using  Bq,  4  and  the  data  betwem  1868-1964  yeare  was  obtained  fay  the 
following  equation. 


z  n(v) 


1 
7 


(5) 


Where  n  (V)  la  the  frequency  of  Htm  siaxlimaii  velooi^  Miplltude. 
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AftMT  analysing  the  aaiamie  xeooxda  obaaxvad  undamaatit  tha  gxoand  at  tha  depth  of 
300  «,  or.  K.  KMMi  and  T.  Susuki^  oondudad  that  tiia  applitada  of  tiM  valooity  epaotxoa  v 


of  aarHiquaka  «otiena  at  haaa  rock  vma  iiaarly  eoiwtant  with  xagaxda  to  parlod  t  aa  foUoiMi 

and  that  an^lltude  is  determined  by  the  following  equation: 

lag  V  -  0.61H  -  (1.66  ♦  log  x  -  (0.631  +  (7) 


So  that  using  Bvi«  S  and  7  and  the  earthgnake  data  with  danagea  for  the  period  SM-1964, 
tiwy  obtained  the  xegional  dlatrlhution  of  the  eaveoted  iwrliw  veloel^  ^peotral  amplitude 


at  the  hue  xoek  fine  the  return  per  lode  (T  ■  75*  100«  200  years). 

1.  Oeto  and  H.  Kaneda^  applied  a  eertain  prefaebllletie  aedel  to  neke  qp  for  Sneeffielent 
•axthviahe  data  in  cmcient  tiae.    They  asauined  the  ooeucrence  of  earthquakes  to  be  Independent 

events  and  defined  that  the  recorde  In  the  period  B^^  were  the  san^le  values  of  n  times 

Bernoulli  trials,  in  which  n,,»  .   .   .  ti      times  trials  were  related  to  the  seismic 

11       12  Im 

intensities  I^,  II^*   .   .  .  I^.    The  probeibility  P^^  of  each  trial  was  a  degree  of  importance 
for  the  period  B.   in  the  whole  records,  and  the  earthqxiake  danger  in  each  period  was 
estiaated  with  V^,   At  that  tine*  the  selaale  eooeleratlon  anplitude  X(t)  was  indicated  as 


$f  (tfT)g<t)  and  the  man  waximn  aooeleratlon  anplitude      relating  to  the  paraneter  0 

giw  aa  o(V)  -  50  T^"^''"#  a(Vl)  -  320{1te/j^^^>"^*"*  end  OtVII)  -  470  I'Bo/q^^)^^'^^^ t  wh«ee 
f  (tiT}«  g(t)  end  B  are  a  deteniaietio  tiM  function,  a  aon-diaanaloaal  stationary  sto- 
<fliBstlc  pnMMSs  and  a  constant  with  diienaion  of  aooeleratioa*  and  9o  aeaas  a  pradOBlnant 
period.    Vaking  these  into  consideration,  tiw  probability  dlstrihutions  of  the  maxinan 
acceleration  amplitude      (Gt^)  and  the  maximum  velocity  aaplltode  V|,(V)Bf)  at  arbitrary 
points  for  a  certain  period  ware  given  aa  follows  t 


nil  lllm 


(8) 


and  the  regional  distributions  of  the  eiveetation  Sla^] »  were  calculated  in  the 

fiollowlag  eqinationat 

GO 

(9) 


} 


the  return  period  t  ie  75  yeare  and  tiie  predonlnent  pwiod  is  0*5  see. 
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V.  OkdbO  mad  T.  Varashina    nodiflad  tte  u^actad  warimw  acceleration  amplitude  pro- 
posed by  Dr.  Kawasumi  on  the  distribution  of  earthquake  intensity  in  the  major  earthquakaa 
after  the  Kwanto  Earthquake  in  1923.     Tn  their  nap,  Japan  was  divided  into  four  diviaiona 
by  recombining  Kawasumi 's  map  and  the  distribution  of  intensity  V  or  more. 

K.  Takahashi^  defined  that  a  mean  annual  accumulative  intensity  frequency  f  (a)  at  the 
observatories  of  J.M.A.  could  be  sho%m  in  the  following  equation  as  the  first  approximation, 

'o  ^o 
"  a(  1  +  0/25)  '  ad  +  0.(X>20iF) 

i4mb«  a  -  O.a  X  IXp'^^^'^^,  f ^  and  P  ara  «  ragional.  eoaffleiant  and  tSamm  of  fait  aart-hjiafcat 
xaapaotivaly. 

He  astlMtad  tha  ai^aetad  waxiwMi  valuaa  at  aiqr  point  with  tha  following  datat    <a)  tlia 

tines  of  felt  earthquakes  for  the  period  1884-1970  year,   (b)  the  mean  annual  fra^aaaay  of 
earthquakes  with  intensity  III  or  more  for  the  period  1884-1970  year,  (c)  the  mean  annual 
frequency  of  Intensity  v  or  more  for  the  period  1506-1970  year.    So  that  final  regional 
distribution  of  the  expected  maximum  acceleration  amplitude  was  obtained  by  iVMLmi  of 
weighted  mean  values  as  the  result  of  the  above-mentioned  method. 
8.  XBttocl  and  T.  Kitagawa^  wllad  lakiaoto-ilda^a  fiuemla 

ntMdH  •  k  A~*  dA  (11) 


to  tlia  ■MBiiiMi  dtaplacawant  an^litindia  at  aaoh  obaamtlonal  atatlon  of  J.M.A.«  nalng 
tha  otearvad  data  for  tha  parlad  1967*1972. 

In  Sq.  11  n(A)  la  the  frequency  of  the  maximum  displacement  amplitude  A,  k  and 
m  are  constant*  at  aaoli  obaarvatlonal  atatlon.   ht  tbat  tine*  m  and  k  weca  datanainad 
as  follows s 

■  ■  4  ?^  »      ♦  log  k  -  log  N  (A|>A.)  +  log  (m  -  1)  +  (m  -  1)  log  A., 

3  log         *^  *j  J  3 

1-1 

where  S,  A^,  A^  and  N  (1^^)  are  the  total  number  of  the  data,  the  smallest  maKimum 
aa^^Utatef  tha  l«tli  maMimm  aneUtnda  oeuntad  frtn  tha  largaat  ona  and  accimlatlTe  fna- 
quancy  ^  mapaetlvely.   Taking  thaaa  valnaa  and  tha  data  pavlod  Into  eonaldairation* 

tha  itagional  dlatributlon  of  tha  aj^aetad  naxianiRi  dlsylacaoant  «Hpllt»da  was  cbtalnad  for 
tha  ratum  porJoda  (T  ■  25,  50«  100  yaasa). 

S.  Onota  and  lU  Nataunnra^  TTlrttilrw^  tbm  raaiooal  dlatrlbatlon  of  tha  eanrftrt-Bd  ■airtwi 
acceleration  amplitude  using  the  data  for  tba  pariod  1885-1973.    At  that  tlM#  nagnitlite 
H  in  J.M.A.  for  the  period  after  1926  was  transformed  into  Mj^  by       =  2M  -  8.7.    The  method 
of  analysis  was  almost  the  same  as  that  of  Or.  Kawasunl  except  the  following  equation  waa 
used  instead  of  Eq.  1) . 

O  ■  0.253  X  10®***  (12) 
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NoMoviae,  8.  Caotm,      maai  and  S.  Vm§natma  wmSm  tiM  zaglfloal  dlitrilmtion  of  tiM 
mtgiatad,  MzttiivialM  mtioos  mt  tlM  baa*  rode  ualag  Bq.  7  anA  •  pKobot^lty  nodol  of  oartii- 
qiiake  ooeorrenoes  xapMBentad  lay  a  Volaaon  proeesa.   At  tliat  tlM»  they  uaaA  tha  aazthquaka 
4at«  from  tha  parioda  679-1972  and  1741-1972  for  tba  aam  ratum  parioda  (T  •  50*  200  yaara). 

8.  Magahaahi^^  dafinad  iJia  aqpaotad  whIbmb  valoeity  rmapona*  aaplltuda  8V^  aa  foiloiiat 

logSV^-aM-blogx-e  (13) 

where  a,  b  and  c  are  the  functions  of  natural  period  modified  by  the  Characteristics  of  the 
observational  site  froia  the  strong-motion  records. 

And  he  obtained  the  regional  distriimtion  of  the  ai^ected  SV^  values  having  0.3,  1.0 
and  3.0  aac.  in  iwtoral  pariod  and  0.0$  In  tba  dasping  of  ra^ponaa  qrvtan  for  tba'ratum 
pariod  50  yaara,  iialng  tha  data  for  tha  pariod  1885-1975.   At  tint  tiaa,  Hj^  for  tha  pariod 
1885-192S  ma  tranaftaonad  into  II  by     Moramtau'a  aqnatlon  M^^  -  O.SSH  +  1.2. 

tlM  reiaareb  daacrlbad  abova  la  aunaariaad  in  labia  1. 

3.     THEORY  OF  EXTREME  VALUES 

3-1.   8iAal*a  Plzat  Aamtotlc  DiatzlbiitioD 

Iha  aJaplaat  nathod  by  vhidh  tha  axtraaa  valuaa  of  a  variate  can  ba  pcadlctad  la 

known  as  that  of  tiM  Flrat  AqpoptotSe  Dlatrlbation  of  Gmbal  (1958)^^.   Nhether  the  dis- 
tribution is  a  reasonable  one  to  employ  in  a  specific  application  is  a  matter  of  judgment. 
Such  a  judgment  can  be  exercised  by  considering  how  well  the  inputs  fit  the  distribution 
and  by  taking  into  account  any  factor  which  may  tend  to  influence  the  trend  toward  the 
extreme  values.    While  the  goodness  of  fit  is  a  statistical  problem,  the  cirterion  by 
whloh  it  ia  judged  depands  on  tha  intendad  ^Bplioatian  and  no  prioKi  mla  can  bo  formlatad 
in  ita  xogasd.    tbm  daviation  in  tnnd  to  extreow  ia  oanally  a  phyaieal  prablM  and  ita 
pradiotloa  cannot  aluaya  ba  aada  on  a  puraly  atatiatioal  baaia  bat  nay  raqpiira  Inaight  into 
tha  natura  of  tiia  phnoaanon  to  ba  pradlotad. 

1)  IWUSS 

lha  pradiction  of  OKtrana  valnaa  ia  nada  by  carrying  out  certain  statistical  operatioaa 
on  a  set  of  maximum  values  of  the  variate  to  be  predicted.    Such  a  set  is  obtained  either 

by  san^sling  subsets  of  a  totality  or  by  the  sequential  measurement  of  a  process  over  specific 
inter'/aln  of  tinie  suitably  spaced.     The  method  is  the  same  in  either  case,  but  since  the 
environmental  phenomena  of  interest  axe  essentially  time-dependent,  the  exposition  that 
fioUeifa  is  mxpfaa^a.  in  the  parlance  pertinent  to  tlae  funotlona. 
9bnm,  tha  inpata  sa^Misad  aca« 

a)   A  ooapilatlon  of  aat  MxlMf  x 

2)  OBBBHIIIG  Oy  ZNPUTS 

When  II  ia  large,  the  set  maxima  (adjusted)  are  ordered  by  magnitude,  either  aaoandlnv 
or  descending.     In  what  follows,  the  ascending  order  is  uaad.    Tha  ganaric  vallia  of  the 
ranlcing  indax  of  the  set  maxima  is  denoted  by  x  ,  thuat 
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3)      OmZNU.  FRBSJUBNCy 

To  MCb  a«t  iiaxiMiim  x  corrupoiid*  tlM  ordinal  fraqutnoy 

n 


a    II  I-  1 

4)       INPUT  STATISTICS 

The  mean  value  of 


-  1? 
^  -  i  J  "u 


Iho  variance 


2      1  2 
M      ^  B 


The  corresponding  dispersion 
5)      RBDUCBD  VftimTB  y_ 


Tha  act  aaxiniB      ia  plettad  at  tha.  peaitien  givan  fay  tlia  xatfuoad  varlata 
y_  -  -In  C-in  WJl 


6)      SLOPE  - 


Xha  slope  ia  calculated  bx  the  leaat  aqpare  technique  «« 


•  "  N  _  2 

I    ■  ■ 


7)     NODB  U 

Ilia  aoda  ia  ealoBlatad  hg  tba  laaat  aviara  teotmiv** 


-  ^ 
a 


n  «     -  — 
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8)    ixvKCTCb  wxnm  yKtm  x(y) 

Tbm  c«9v«s«loa  linm  of  aiqpvctaa  MxiBB  is 

xCy)  -  O  4-  J 

3^2.  GSiatel*B  s«oond  and  ihird  Aajrvptotie  DiatrUautloDs 

The  First  Asymptotic  Olstrlbtttion  of  <kBbel  predicts  extr«M  valiMS  of  a  variat* 

approaching  infinity  as  the  return  period  approaches  infinity.    In  most  (plications  to 
forecasting,  this  tendency  of  growth  does  lead  to  predictions  of  reasonable  accuracy.  This 
is  obtained  when  the  observed  values  ranked  by  magnitude  and  related  to  a  probability 
of  occurrence  cro«^  the  regression  line  of  the  expected  values.    There  exist,  however,  cases 
for  which  there  is,  indeed,  a  marked  tendency  of  the  observed  values  to  deviate  inersaa- 
Ingly  txm  tlM  x«gr»»*itin  lins  as  ths  ratum  pariod  incxaaaaa.   Such  oases  oocor  «han 
fihysioal  oauaas  oparata  to  lapoaa  oooatKaltits  of  avar  graatar  aavarity  as  Hia  variata  taada 
to  groM  In  magnituda. 

fha  raliafala  tsaatnaBt  of  au^  pcablsBS  zaqiiizaa  astxanal  pxaifaability  distrtfantlaiia 
to  ba  aoMMhat  aora  f  laxihla  tfasn  tha  Pirat  Aayiptotio  DlatxllMition.   A  oomraniant  on*  la 
0(atoal*s  Saoond  or  Third  Asymptotic  Distribution.    Aa  a9alnst  tha  First »  wbioh  is  a  two- 
parameter  distribution  (nods  and  slops) ,  the  Second  or  Third  is  a  three-parameter  distribution 
(asymptote,  chauracteristic  value,  and  exponent) .     However,  the  enhanced  flexibility  intro- 
duced by  the  third  parameter  is  paid  for  in  increased  complexity,  and  a  relatively  simple 
and  direct  determination  of  parasaeters,  as  in  the  case  of  the  First  Distribution,  is  not 
quite  in  hand.    The  way  out  is  to  have  recourse  to  a  computer  and  derive  the  parameters 
by  iteration.     A  aathod  for  aoooapllahlng  tUa  la  outllnad  hateln. 

Ilia  emlativa  prabablli^  aDrraapanding  to  GivrtMl'a  Saoond  Aayaptotle  Diatrlbutloa 
ia  glvaa  hr 

(X)  -  axp  (-l^l'S 

where  x  is  the  variable,  (.  its  limiting  value,  V  its  characteristic  value  and  K  an 
ai^onent.    The  problem  is  to  darlva  then  front  the  input  data.    The  inputs  are  a  set  of 
waaiiw  values  ■easured  over  •  ipeelfie  interval, 

Tha  eiaailatlva  probahility  oorreapomding  to  Gtaribal*s  Vhlrd  Aayivtotie  Distribution 
is  given  1^ 

W  -  X 

j0  (x)  -  exp  i-l^f—^]^) 

vbexe  x  is  the  variable,  W  Its  Uniting  value.  I.e.,  the  eigected  mximi  value  that  the 
variabis  is  llksly  to  sttsin  in  tiie  infinitsly  long  run,  V  its  eharaotaristie  value  and 
K  an  aigonent. 

Hie  set  of  awiriiwi  valuee  x_  is  arranged  in  asoanding  order  and  plotted  againat  tiia 

IS 

eoKreapondlng  ordinal  ficaqveney 
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'n     N  +  1 


where  N  is  the  total  nuinber  of  data  points.    The  mean  value,  variance  and  dimMrfllon 

2 

Xjj,        ,  0  are  obtained  as  for  the  First  Asymptotic  Distribution. 

Tha  reduced  variate         for  the  Second  Asymptotic  Distribution  when  introduced  onto 
the  expression 

and  the  xaduoad  variata 

W  -  X  „ 

3  «  B       -  V  ' 

Will  plot  as  a  otralgbt  line  against 

Note  that  in  the  outline  that  follows  the  subscript  m  is  eo^loyed  to  define  either  an 

input  X    or  a  value  directly  related  to  inptits  y  ,  0  ,  etc. 

Note  also  that  the  characteristic  value  is  that  value  of  x  which  eorrespionds  to  the 

cumulative  probability  0  "     *  0.368,  i.e.,  to  y  =  0.    In  the  First  Asymptotic  Distribution, 

such  a  value  is  tented  the  ande. 

1)     VMtlMICB  O.' 

2 

Vftrianae  O-  (V»  e*  K>  for  the  Second  Anyivtotlo  Distribution  oan  be  obteined  as 

N 


Variance  cr^^  (v,W,K)  for  the  fliixd  Aqpi^cotie  Distributian  is  as  foUoMst 


1  "  -  W-x. 


2)       EXPONENT  K 

Using  the  least  square  nethod,  the  exponent  K  for  the  Second  Asyacttotlc  Distribution 
osn  be  earsssed  in  tscM  of  c  and  V. 
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JL  *M  ^ 


Ite  iqpoiwBt  K  foe  tbe  Ihled  can  also  be  aivmsaed  in  tazM  of  «  mad  V 


SlMii  til*  varianctt  0^{V,c)  mad  o^^(v,ll) 


and 


3)       PAKAMLIiUC  S£UU£MC£  UF  TH£  CHARACTERISTIC  VAUJE  V 

Ilia  otaBxaotarlstio  valua  v  la  obtalnad  fay  itacatlon.   A  naw  eharaetarlatla  valua 

xalafclan 

vhara  p  la  an  Intaration  iadax  and  Av  la  an  a<Utracy  inevaMntal  vklvM. 

Not*  that  the  charactariatlc  valua  V  corraaponda  to  tha  DK>da  U  of  tha  Firat  Diatrlbu- 
tion.    Therefore,  an  aCPKoalaata  eharaotariatio  valua      la  obtainad  by  lattlng      ■  Noda  of 

Flsst  Distribution. 

The  exponent       appearing  in  tha  racurranca  relation  denotes  the  nunber  of  tinea 


tba  inequality  sign  changaa  In  atap  2*6«    lha  Initial  valua  of  la 
4)     PMMIRKXC  8IQIBNCB  OP  IHB  MSMPSOfH  6  MD  W 

tta  aayaptota  e  or  W  la  alao  oMaiaad  by  itairatian«   A  naw  valua  of  tha 

MlatlOB 
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or 


c 

W_..  (V>  -  II    (V)  +  I-  #1  '  •  AM 


«  Is  a  — qiMBtlal  iAtex  and  ^  or  Alt  is  an  arbitrary  inera—ital  valna  ulioaa  aaloatlon 
ahoold  bo  baoadf  If  poaalblOr  on  pHqraioal 


The  aapoaant  C_  Aenotos  the  nudwr  of  tiam  tiw  inaqnality  sign  dHngea  in  Step  S) . 

Vho  initial  valm  of      ia  aaro. 

5)    cumtiON  roit  shb  asiimpioib  vmjdbs  e(v  i  and  ir(v J 

p  p 

If 


<^p'  Vi'  *  V  «Vp'  V 


tha  sign  changa  count  is 


If 


'^M^  fV^' 
M         p       ^1  M         P  <I 

Mt»  ■ilOB  HhIIWT  *i^m«fc  iO 

2 

Repeat  calculation  from  C    .  until  C    "  3 ,  4 ,  or  B  and  find  the  minimum  value  of  a„  . 

<pO  q  ■ 

The  selection  of       ■  3,  4,  or  5  depends  upon  the  nature  o£  tha  problem. 

6)      CRIIERICII  FOR  TBB  CHABACTERISTIC  VALUE  V  (FOR  ALL  POSSIBLE  VALUES  OF  C  OR  N) 

2  2 

If  tha  winiiro  valoa  of  a„    (v       e)  or  0_    (v_^, ,  «)  la  Mallor  than  tiut  of 
°N    '^p'  ^^p'      ^         dianga  oovnt  ia 
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2  2 

If  th«  ninlnum  valo«  of  o„    (v  . , ,  e)  or  a„    (V_^, ,  W)  is  larger  than  that  of 

2  2  "      JP^^  ^ 

o„    (V  ,  e)  OK  o„    (V  ,  W)  t!bm  sign  ohangs  ooimt  la 
up  up 

p*i  p 

tapmt  otloaUtlon  tram  C  ■  0  tntU      •  3,  4,  or  5  and  find  tlia  aHtlloat  valua  of 

2  P  P  2 

0.    (V  ,  e)  for  all  possible  combinations  of  V  and  e  or  a„    (V  ,  W)  for  all  possible 
MP  N  p 

ooaginatlons  of  V  and  w  by  iteratlom.    tbm  sslsetioa  of      »  3,  4,  or  5  also  dspends 

on  toe  nature  of  the  problan. 

The  exact  solution  of  V,  e  and  K  for  the  Second  Asyni>totic  Distribution  or  V,  M  and  K 

2  2 

for  the  Third  corresponds  to  the  smallest  value  of  CT..     (V,  E)  or  O.,     (V,  W) . 

N  N 

Note  that  the  value  of  exponent  K  is  a  tunctj.on  of  V  and  e  or  V  and  H  for  which  the 
2  2 

varlanoa  o„    (v,  e)  or  a„    (V,  w)  la  tlia  aaMllaat  and  is  ealcnlatod  £or  aaeSi  stap  of  V_  and 

N  n  P 

e    or  V    and  W  . 
4        P  9 

4.    EMraODUOE  DMA 

nis  aartfagnaka  datta  ooBaidarad  to  ba  amilabla  at  panaant  in  Jvan  can  ba  dividad  into 
Civa  parlods  as  followat 

(1)    Poriod  41«-ie72  -  Magnitttda  Kk  and  aploant«rs  war*  dstoxninad  by  Dr. 


using  tbs  daseriptlons  In  anolmt  doeanuita.   Asa*  valnaa  axa  duim  in  tha  Selanoa 

-12  - 


(II)  Period  1885-1925  -  Both  Mk  and  H  are  ahOMn  in  such  a  relation  as  Mk  ■  M  O.S 

in  the  Science  Calendar.    No  data  except  damages  are  included. 

(III)  Period  1885-1925  -  Both  Mk  and  M  are  shown  with  the  same  relation  as  the  data 
(II)   in  the  Science  Calendar.     Moreover  the  data  in  the  major  earthquakes  above  are 
included  in  the  Catalogue  of  Major  Earthquakes  by  J.M.A.^^ 

(IV)  Pariod  1926"1960  -  Tha  reaulte  of  instrunental  observatlona  are  raportad  in  the 
Oatalogus  of  Major  Marthviakaa  fay  J*N.A*,  In  vhlA  all  the  eaxttqnakaa  with  tba 
nsgnltode'  1^.0  are  oonsldsrod  to  be  inolnded. 

(V)  Fariod  in  and  nftaac  1»61  -  tts  data  in  this  pariod  are  reported  in  the  cataXogue 
of  Major  BarthqnaJMS  or  the  Selanologlcal  Bulletin  of  J.M.a.  •  In  idiioh  alnoBt  all 
tha  earthquakes  with  the  ■agnitnda  1^.0  an  considered  to  be  ineluded  beoanee  of 
advanced  instruBrats  ooaqpeuring  with  those  in  the  period  1926»1960. 

It  is  generally  assumed  that  the  seismic  activity  has  been  or  will  be  nearly  as  con- 
stant in  an  area  as  in  the  whole  vicinity  of  Japan.    If  the  assuniption  above  is  made  and  the 
data  of  the  earthquakes  occurred  in  the  period  are  coo^letely  Included,  such  phenomena  should 
be  recognized  for  any  data  as  follows;   (1)  the  gradient  of  the  aoousttlatlva  energy  curves 
that  iSf  the  Man  ehnnal  tauegf  relnased      aartfagnakas  is  nearly  oonstant  mi  (2)  tha 
■Mm  annual  aoetaanlative  nagnituds  frequency  diatrihutida  is  siailar  for  any  period  of  data. 

Mean  annual  mafpiituda  feaqueaey  distribution  and  nean  aunnal  energy  released  by  Hm 
earthqunkas  for  the  data  period  of  (z)  -  <V)  are  mham  in  riga.  1  and  2.   Aa  aeen  in 
these  figures*  tits  data  (z)  -  (v)  esn  bs  elaaiaiflsd  into  two  ports,  data  h  (Zf  zz)  and 

V-25 


Digitized  by  Google 


data  B  (III,  XV,  V),  and  there  are  remarkable  differences  betmen  the  data  in  A  and  the 
data  in  B. 

Xfe  ia  BAOMaary  to  pay  attantion  for  tha  data  A  as  fbilowat  <I)  tha  data  A  nava  nda 
aoooiiding  to  fha  daacrlptioiia  in  tha  anolant  docuawata  and  (2)  tiie  diatrlbtttlon  of  popula- 
tion ia  tha  tiaa  ntum  the  daeoBaata  mm  nada  had  to  be  vwey  naaven.  The  reaaon  ia  easily 
infairad  why  the  data  A  are  not  only  aaiall  in  cpuunti^  and  low  In  aoeorai^  but  also  onevan 
regionally.  On  ttm  other  hand  it  ia  doobtful  ^itmVbmr  tiie  period  of  the  data  B  ia  long  enough 
Sor  tha  aeiaaie  aetivi^  to  be  zegarded  aa  being  eonataat. 

After  eenaidwlng  the  facta  abovB#  tMD  kiada  of  data  are  geed  in  the  pceaeat  papar  aa 
follows! 

1.  The  data  B  with  axxiififed  magnitude  -  The  data  B  are  examined  and  modified  in  the 
following.     The  accumulative  energy  curves  using  the  original  magnitude  and  modified  mag- 
nitude axe  shown  in  Fig.  3.    as  seen  in  Pig.  3  the  gradient  of  energy  curve  before  1925  Is 
larger  than  that  after  1S26. 

It  aawa  naoessaxy  to  BOdlfy  tha  Mgnitode  for  tha  period  1885-1925,  because  the 
wgnttude  for  the  period  1885-1925  was  icaimsuni*s  na^tnde  and  the  nagnituOe  for  the  period 
thereafter^  has  been  deteznined  based  on  the  instruMntal  obaervatlan.   Asawing  that  the 
gradiMit  of  tlie  aecinnilativa  energy  cnrva  is  nearly  oenataat  and  that  tha  gradient  vftlue 
fee  the  period  192C^1973  ia  rapresentative  in  the  vicinity  of  Japan,  three  types  of  andi- 
flcation  for  the  magnitude  are  made  as  follows:     (1)  M-0.5  for  the  period  1885-1925, 

(2)  M-0.6  for  the  period  1896-1915  and  M-0.5  for  the  periods  1885-1B95  and  1916-1925,  and 

(3)  M-0.7  for  the  period  1896-1915  and  M-0.5  for  the  periods  1885-1895  and  1916-1925. 

In  Pig.   3,  it  is  seen  that  the  resultant  acc^ulativc  energy  curve  makes  almost  a  straight 
line  in  the  modification  (2) .    The  mean  annual  magnitude  frequency  distribution  for 
the  period  I8KK-1925  after  the  above  Modif ioatioe  is  ai«v«e*d  with  that  for  the  period 
1926-1973  in  Fig.  4.    ha  aeea  ia  Piga.  3  and  4,  the  ■odifioatioo  (2)  aaaatt  to  be  Bust 
suitable  for  data  B. 

2.  the  data  after  the  period  1946  when  the  diatrlbutien  of  population  waa  relatiyialy  ewan  - 
As  for  the  data  before  1926*  the  following  treatarata  with  tiharaotarlstios  of  aooeleratlon 

were  applied. 

(1)  The  major  earthquakes  having  100  gals  or  Bore  were  eatiaatad  froB  the  deatruotive 

earthquakes  in  the  Science  Calendar. 

(2)  Considering  the  annual  magnitude  frequency  distribution  curves  in  Pig.  4,  it  is 
assumed  for  the  small  or  medium  earthquakes  less  than  100  gals  that  the  frequency 

of  eartiiq!iiBkM  ooourranoe  waa  the  aana  as  that  after  1926  year.   Vhe  magnitude 
befcHPe  the  period  1885  was  estijMted  froa  Mk. 

5«    BXPBCniBD  VhUlBS  OW  BMdBQOMCE  IMTBHSIIY  BY  THE  TWOBY  OF  BITRIBIBS 

5«-l.  FIBSIBIPnON  (V  BMtTHQtUUKB  IMTBNBm 

Many  sqpirieal  fonailaa  concemlag  the  ralatiaaBhip  of  latenai^f  aagnituda  and  spi- 
oentxal  distaaee  have  been  proposed  by  aaay  iavastig^tora  in  addition  to  those  Bsntionad 
in  Chapter  2i  Guteolberg  and  Davaoport  (1942) ,  Bluaa  (1965) ,  Hooaaar  (1965) ,  Milka  and 
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Davenport  (19&9),  Esteva  (1970),  Watanabe  (1971),  Donovan  (1972),  Soknabel  and  Seed  (1973), 

Katayama  (1974),  Trifunac  and  Brady  (1975).     Pig,  5  shows  the  relationship  between  the 

4 

meucimuffi  acceleration  and  epicentral  distance  in  the  case  of  magnitude  M-6.S  .    Good  agree- 
Mnt  can  be  seen  anong  these  enpirlcftl  ftewla*  in  iflie  raoQe  of  ep^taeotral  dltanoe 
20-250  km  exceipt  tliOM  fcr  GutwflMrg  and  Bitibter,  and  fay  bIum. 

In  this  papOTf  Kanal's  Corwla  17)  idiieh  indieates  velocity  sipeetruD  on  the  base  rook 
Mia  tttillned  for  the  praaoBptlon  of  eavthquafca  Inteoai^. 

using  Kanal's  fmnnla  (7) ,  laxiwuai  aooeleratloo  a^^»  mstimm  velocity  yj^^  and  aaxi- 
WKM  di^pLaosMnt  d     en  tlie  surface  of  ground  can  be  obtained  as  fblloMt 


10 


W  -  10 


,  3    6  C  1  93 

0,6lM-(i,6  6-»— ^ — )  logio  r+  <o,l«7  — )  .  i  .  c  (X) 


3.S9 


d.      -  10''»'*M-(».««+ — )LOgio  r  (  i.-'JO  + -2 — )  'T  •  G(T) 


Mbmrm  <t  (T)  is  dynisilo  cfaaxactarlsitcs  of  tin  gronnd  and  la 

1 


G  a) 


when    T  =  Tg 


T:    Predominant  period  of  earthquake  motion 
T^:    Predominant  period  Of  the  ground 

Therefore,  considering  T  =  T   maximum  acceleration*  velocity  and  dl^laceoent  OR  the  surface 

o£  tha  ground  are  ^approximated  as  follows  t 


.  5^  .  io«.MM-(i.BM-lal*)logl>r-(i.tsi^ix£l-) 
G  r  r 

-  57tc»  .  10»»**li-<».«  ♦l*i*>lognr  -  (»,*30  +lal*) 
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5-2,  EXPECTED  VALUES  OF  EARTHQUAKE  INTEKSITY 

1)       Expected  Values  of  Maxim'irrj  Acceleration  and  Velocity  in  Tokyo 

The  expected  values  of  maxiiBUon  acceleration  and  velocity  on  the  surface  o£  ground  at 

the  center  of  Tokyo  (35.7*N.  139. 8*E)  are  predicted  using  the  past  326  year  earthquake  data 

(■agnltud*  and  epicentral  distance)  — ntinned  in  Chapter  4.2.    Fig.  6  shows  the  ejected 

VBluM  of  msiauB  aooalaratioB  on  ths  ■orfactt  eC  tha  gxoand,  of  Whieb  the  prodoainant  p«riod 

Is  0.3»  0.5»  0.8  and  1.2  sao.f  obtained  by  Ouabel  Aayaptotlo  Distribution. 

The  espected  values  of  smdnMW  velooity  are  shoim  In  Fig.  7  obtained  by  lauial's 

fcnBOla  (7) .    Tables  2  and  3  Sbaw  tlis  calculated  valusa  of  ^  aooalaration  for  each 

year  and  ttm  si^ected  naidmni  aecaleratlon  and  waleelty  vs.  retm  psrlod  en  the  surfaee 

of  the  sttuidard  ground  (T    ■  0.3  sec.)  at  the  center  of  Tolcyo,  respectively. 

G 

3)     Regional  Dlstrlbntlon  of  Bi^eeted  M»*i««i««  Acoelsration  on  the  Surface  of  Standard 

Ground 

The  expected  naxiraum  acceleration  on  the  surface  of  the  standard  ground  (T^  "0.3  sec.) 

G 

is  calculated  at  the  location  of  every  0.5*  in  latitude  and  longitude  by  Kanai's  formula 
and  Gunbel's  Asyniptotic  Distribution.    The  past  eeurthquake  data  used  are  described  in 
Chapter  4.2.   Beglonal  distribution  Mps  of  the  eivected  weslmaB  acceleration  cocxeipanding 
'to  the  return  periods  of  50,  100  and  200  years  are  shOMi  In  Figs.  8,  9  and  10,  reqpeetively. 
3>     Begioaal  Oistribtttlon  of  «npee<jed  MaxlaMM  velocity  in  Bediook 

Ihe  aaqpeeted  nairiwint  vnleoi^  at  the  base  rock  is  obtained  at  the  location  of  avacy 
0.5*  latitude  and  longitude  by  Kanai's  fomula  and  Gusbel  hsynptotic  Distribution. 

The  pjist  earthquake  data  since  1885  are  used  as  deserSbed  la  CSupber  4.1.  Regional 
distribution  maps  of  the  expected  maximum  velocity  corresponding  to  tha  retum  periods  of 
50,  100  and  200  years  are  shown  In  Figa.  11,  12  and  13,  respectively. 

Figs.  14  and  13  show  the  expected  maximum  acceleration  and  displacement  at  the  base 
rock  corresponding  to  the  return  period  of  100  years,  respectively. 

8.    PmCTXCKL  APKUCATION  Of  IHB  BMCniQOMB  DKHOBR 

As  is  clear  from  Table  1,  the  periods  of  the  data  used  and  of  the  analyses  in  the 
rsspsGtiva  rsssarch  vary  fron  a  seiantifie  point  of  view.   For  practical  purposes,  tiiat 
is,  e^peoiaily  the  regional  seisaio  ooeffioiMits  for  aseisnio  design  of  structures,  these 
results  nay  not  be  available  directly,  beoause  it  is  disagreeable  to  say  that  tha  results 
espcess  the  reglonality  of  seindo  activity  in  the  vicinity  of  Japen  ooopletely  and 
objaotively.   Mosaover  it  seens  net  ot  bo  always  desirSble  in  aseianic  design  that  thsre  are 
many  kinds  of  ths  r^tfonal  distribution  txt  the  savoetsd  valuss.   8o  a  now  regional  selsnic 
coefficient  map  was  made  after  examining  all  results  from  the  following  standpoints:     (i)  the 
accuracy  of  each  value  in  earthquake  data,   (ii)  the  regional  evenness  of  data  information, 
(ili)  the  quantity  or  the  period  length  of  data,    (iv)  the  method  to  calculate  the  maximum 
earthquake  motions  from  M  and  r,   (v)  the  method  to  determine  the  expectation  of  the  m^T^i-t^^ 
euthquake  notions  and  (vi)  the  representative  method  to  obtain  the  results. 

Ae  regional  distribatlon  asfps  of  the  eaqpeetation  values  based  on  the  reglonality  of 
seisaio  activity  only  were  selected  titm  various  naps  and  nonaaliaod  to  assign  unity  for  the 
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— »iiOTi  valvm  in  «ach  nap  «t  ttim  point  of  «viery  hmlf  dsgvm  in  boUi  Xoogltnte  and  latitute. 
Tb*  rogional  distribution  of  soloiG  ooof  f  ioionts  iw«  dotozaiiwd  bsr  of  tho  iioightod 

■■an  valnaa  fay  Multiplying  Mch  norwaliaad  ona  fay  aaeh  nalQht  datttniiMd  f raa  tJw  six  itans 

above . 

The  final  results  are  shown  in  Fig.  16,  which  are  considered  to  be  the  appropriate 
regional  seismic  zoning  coefficients  for  aseismic  design  of  structures.     As  seen  in  Fig.  15, 
Japan  is  divided  into  three  divisions  by  the  criterion  of  seismic  activity,  that  is,  A)  area 
with  high  earthquake  danger,  B)  medium  danger  area  and  c)  low  danger  area. 


This  study  was  partially  supported  by  the  project  of  Establishment  o£  New  Aseisaio 
DeaiQn  Hatliod  mitoesd  fay  Ministry  of  CSonBteootion,  Japan,   tbm  antinvs  wiih  to  lixprass 
tfaislr  tliafdts  to  Frofessor  St.  D«nis>  iMivaralty  of  HaMsil,  for  introduction  of  GmriMl's 
Saeend  and  Third  Asymptotic  Diatrlfautlon  fay  itoration  asthodi  to  Dr.  Otauka,  Baad  of 
X.X.S.B.B.  and  Sr.  H.  Nntafaa,  Haad  of  Stx.  DIy.  at  prasantr  for  valuabla  discussion  on 
raglonal  satanlo/aoning  ooof fioiantt  to  Nr.  Y,  SttlsaMS,  twaJbar  of  B.R.I. ,  tot  drairing  of 
figures. 
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Table  >  2  Calculated  Values  of  Maximun  Acceleration  (gal) 
for  Each  Year  In  Tokyo  (T^  -  0.3  sec.) 


EpicentrcU 
distance 

A  D 

Epcentral 
dskince 

lude 

1926 

4aio 

6.2 

8975 

1950 

8496 

6.5 

61.18 

1927 

14166 

6.0 

1408 

1951 

5860 

a2 

6836 

1928 

76.10 

5.8 

26l87 

1952 

10441 

5.5 

11.07 

1929 

7030 

6.1 

4591 

1953 

22&82 

a6 

15.76 

1930 

9828 

7.0 

9961 

195^ 

12a80 

64 

2a25 

1931 

71.71 

7.0 

15793 

1955 

7433 

53 

13.77 

1932 

12Q89 

6.1 

20.63 

1956 

50.82 

ao 

6288 

1933 

11421 

5.6 

11.14 

1957 

155.63 

5.0 

299 

1934 

5986 

5.2 

laes  1 

1958 

4aS5 

44 

ao9 

1935 

14920 

6.3 

19183  ! 

1959 

12303 

&6 

995 

1936 

U2.85 

6.3 

21.19 

'  1960 

17737 

5.9 

866 

1937 

11998 

6.6 

42.12 

1961 

14725 

5.9 

1  1.53 

1938 

1 1399 

66 

35l62 

1962 

7S.25 

49 

7.16 

1939 

6722 

5.3 

1591 

1963 

13a45 

ai 

17.16 

1940 

11723 

6.1 

2147 

1964 

13240 

a  2 

2068 

1941 

7536 

6.0 

3&09 

1965 

15250 

a7 

3162 

1942 

141.15 

6.6 

3290 

1966 

S7.10 

49 

11.42 

1943 

15162 

6.6 

29_A8 

1967 

87.38 

56 

ia04 

1944 

23.50 

5.5 

8ZX 

1968 

70.10  ■ 

ai 

4a09 

1945 

eaol 

5.7 

27.44 

1969 

65.84 

45 

a33 

1946 

71.17 

6.3 

59.73 

1970 

84.05 

5.1 

aTo 

1947 

naso 

6.0 

ia52 

1971 

7Q85 

4.9 

841 

1948 

7403 

5.4 

15i94 

1972 

5a60 

ai 

1456 

1949 

11438 

?.7 

52«> 

Table  -  3  Biqpected  Maxinuoi  Acceleration  and 
Velooi^  ValuM  ym  iMuzn  Period 
in  Vokyo 


Return  R?ricxj(  years) 

Unit 

50 

100 

200 

^max 

162.7 

2170 

2877 

gal. 

Vmax 

7.77 

10.4 

13.7 

cnVseQ 
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Regional  DiBtrlbution  of  the  Eiq^cted  MaximiB  Acc«ler<ition 
VUuw  (gal)  at  G.  L.  <9q"0.3  avcr  T"100  yMira) 
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mnfMBiTS  ON  sBiaiiic  raicB  m  dbsignimg  bmsh  stmjcturbs 
XMiklcdil  SaiMda,  chief.  Soil  Diyiiaaic*  8»ctl<in 
Poblie  Warka  RMaardi  Il»tltut<» 

ABSTRACT 

XnatMnt  of  — rthiiuatw  fmrcM  In  tto  design  of  rotalnlng  imlls  and  of  artwuili— nt 

•lopes  is  discussed.  The  discussion  centers  around  the  philosophy  and  oonsldexfttlons  given 
iflisfD  Japan  Boed  AeeoeletioD  reviaed  lt«  Berth  Morfc  Manuel  In  Koad  Oonstmetion. 

xmORiei   CttlvartB}  dMlgn  prlnclpler  fill  aloipei  earttt  straoturet  eaxttawoirk  sMuniali 
pciorltyi  ratalalng  valli  aeieale  foceaa 
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1. 


PRBFACE 


Statistical  analysis  of  daaiagss  to  earth  stmctarBSi  preswvatiOD  of  caoorde  and  ottwr 
traatMnts  on  tha  danagas  were  dlseuasad  in  ay  previooa  rapoxt.   This  psper  will  analyse 
the  actual  oirounatanoea  fey  oonsiderlng  the  vazy  besle  problans  In  designing  particular 
earth  structures. 

Vha  earth  structures  have  been  built  for  many  years  lay  trial  and  ecxor  nethod  with 
acounulated  knowhow  rather  than  by  so-called  design  piooesSf  thus  the  pzocsss  of  design 
was  not  paurticularly  required  in  those  years . 

It  is  considered  that  the  design  procedure  for  earth  structures  becomes  particularly 
Important  only  when  constructing  a  large  structure  or  construction  of  a  structure  in  a 
Bininmi  time  was  a  prerequisite.    It  may  be  said  that  the  design  of  stable  slope  and 
rataining  wall  baesne  Isiportant  bacuasa  tha  baigtat  of  the  slope  was  large  and  also  baoausa 
oonaolldation  of  soft  ground  becaiiis  Inportant  when  a  high  coostmction  spaed  was  naadad* 

lleeently»  the  Japan  Boad  Aasoeiation  revised  its  Barth  Hbrk  Naausl  in  Bosd  Censtmction 
In  whidi  an  iaportant  problem  waa  the  traatsient  of  the  seisnic  force  in  the  design  after 
the  social  vovinieitt  tcward  incorporation  of  tha  eeissiic  force  in  designing  tha  eartti 
atructuras.    Xhis  also  nay  be  oonaidersd  a  new  prersqoisits  as  stated  in  the  albova  axssple. 
In  this  manual,  influence  of  seismic  force  has  become  more  important  when  designing 
especially  retaining  walls,  embankment  on  soft  ground,  and  culvert.    This  subject  will  be 
outlined  below. 


Seismic  force  on  retaining  wall  is  now  treated  in  a  manner  stated  below  in  design.  The 
retaining  walls  exceeding  eight  meters  in  height  will  be  now  designed  for  earthquake.  For 
retaining  walls  lower  than  eight  meters,  those  resisting  forces  or  abilities  that  are  not 
taken  into  aooount  in  normal  ooaputatlons,  such  aa  tha  paaaiva  earth  preaaura  at  front  faea 
or  design  under  the  worst  condition  of  the  rear  earth  fill  (that  is,  loss  of  cohaaion  that 
may  occur  only  during  a  long  period  of  use),  are  eonaidered  raalatiwa  againat  incraeaad 
loads  due  to  aarthqiiaka.    Vhat  is,  tha  lower  walls  require  no  particular  consideration  for 
eartiiquaka  and  they  are  considsrad  to  be  safe  for  ssismie  fwoes. 

The  next  problem  is  in  the  area  of  calculations  for  retaining  wall  exceeding  eight 
meters  in  height  with  seisnic  forces.    The  previously  mentioned  Earth  Work  Manual  enploys 
aquations  for  earth  pressure  principle  pronosod  by  Mononobc-Okabc  during  earthquakes. 

The  Mononobe-Okabe  equations  propose  to  tilt  a  retaining  wall  imaginarlly  forward  by  an 
angle  corresponding  to  seismic  coefficient  in  order  to  statically  calculate  a  seismic 
force  applied  to  the  wall  during  an  eaurthquaJce.    This  type  of  equation  is  also  used  in  many 
otiisr  manuals.    Hcwsvar,  one  of  the  charaetaristies  of  tha  zoad  sidMalaMnt  is  its  sloped 
surf see  at  the  rear  of  tha  retaining  wall  Inetaad  of  horlacntal  aurfaoa.  Therefore, 
aflg^aoially  whan  a  retaining  wall  is  raguirad  at  the  bottom  of  a  long  sloped  ground,  these 
aquations  nay  often  result  in  an  overdaslgned  wall.    In  order  to  provide  horiaontal  frietion 
forces  sufficient  to  resist  tha  forces  such  as  earth  pressure,  inertia  force  assmd  to  bs 
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appllad  to  nftin  postioa  of  ratalnln?         and  soisBic         faosauMr  th*  lougth  of 
botton  slab  xaqnixad  is  onoKBaiuBly  larga. 

solve  this  type  of  pcobleii  In  design,  various  design  Mnuels  for  retaining  wUs 

are  respondirrr  in  many  different  approaches.    For  example,  the  design  manual  prepared  by 
tho  Japan  Highway  Public  Corporation  siir.ply  clarifies  this  problem  by  employing  Tcrzaghi's 
equations  for  earth  pressure  with  proportional  increase  of  {1  +  k)   correspondinq  to 
coefficient  k.     With  this  nvodif ication  for  the  equations,  the  use  of  excessive  earth 
pressure  in  design  can  be  prevented.    For  retaining  walls  for  structures  other  than  road 
construction,  this  kind  of  problon  is  not  likely  to  ooeur  slnee  tiie  rear  top  of  nost 
retaining  walls  is  oonsidsrsd  to  bs  sssoointsd  with  horiaontsl  ground  snrfsos* 

Depending  upon  the  angle  of  friction  assiamd  on  slip  sorfaee  of  soil  back  to  the  «ni11» 
tbs  dizeetion  of  aazth  pressitre  force  will  vary  greatly,  reeolting  in  a  serious  influenoe 
on  the  stability.    Value  of  this  angle  is  noxnally  assimd  to  be  sezo  at  tiie  tinB  of  an 
earthqaaksr  bat  it  is  inoonsistent  to  make  its  static  value  sintply  sero  since  It  any  still 
have  stetioally  a  fractional  value  of  internal  friction  angle  of  the  earth.    Also  the 
equations  proposed  by  Mononobe-Okabe  do  not  consider  the  cohesion  force,  but  it  nay  be 
agreeable  to  consider  the  effect  of  cohesion  force  in  some  way  since  an  earthquake  and 
loss  of  cohesion  force  of  earth  next  to  wall  are  not  likely  to  occur  at  the  same  time.  The 
Earth  Work  Manual  qualitatively  discusses  the  effect  of  cohesion  force  in  the  hope  of 
linlting  the  sins  of  sl^  surfsee* 

With  thsse  verious  approaohes  enployed  in  tJie  Manual,  the  Manual  eetablishes  a 
ratlcNial  design  rnthod  that  offsrs  diaensional  ranges  aooqptabls  in  ths  actual  practices. 
aowever«  It  is  videly  said  that  the  studies  on  soil  nedianlos  start  end  end  In  coping  with 
the  pioblens  of  the  earth  pressure*  so  that  step  by  step  lipcaveneat  of  the  design  nsthod 
fat  the  retaining  walls  stated  in  the  Manoal  Is  likely  to  be  expected  but  profalesa  will 
never  be  ooapletely  eolvsd. 


various  types  of  problems  are  also  pointed  out  for  thS  stability  of  the  earth  fill 
slope,  as  in  the  case  of  the  retaining  wall.  Kot  only  for  retaining  walls  but  also  for 
the  earth  fill  slopes  the  need  for  encountering  the  effect  of  earthquake  by  sooe  method 
was  strongly  discussed  in  the  process  of  hearing  for  the  Earth  Work  Manual. 

Conventionally  the  stability  of  the  slope  has  been  analyzed  by  the  use  of  the  slip 
surfaoe  aetfaod  idiich  is  equivalent  to  eeiinio  ooefficient  netfaod.   However,  justification 
for  accurately  ca^utlng  the  eafety  factor  in  dynanic  design  was  qoastioned  in  the  heering 
even  if  the  nethod  Itself  me  valid  for  static  design  pcobleais*  since  the  test  nethod  for 
soil  ^rnsmios  did  not  ccsitlstsly  rcpcodnce  job  site  conditions,  fallwre  nodels  were 
oversiavlified  and  aoil  pxppsrtles  of  job  site  varied  too  noch  froai  one  location  to  anotber. 
For  this  reason,  the  comnittee  for  the  Manual  once  concluded  that  the  statical  calculatlona 
with  simply  increased  safety  factor  would  be  adequate  for  earthquake.     Thi.<?  approach  was 
identical  to  that  of  retaining  wall.     Since  the  earth  fill  slope  had  no  extra  resisting 
abilities  uncounted  in  the  calculations,  the  value  of  safety  factor  had  to  be  increased  in 
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the  actual  practices.     Then,  the  safety  factor  as  extra  roam  for  strength  was  in  question 
but  it  was  once  set  to  be  about  0.5  by  a  majority  of  the  committee  meinbers.    iiowever,  in 
the  final  stage,  this  method  was  abandoned  since  It  was  not  well  grounded  to  take  iip  as  a 
method  to  be  specified  in  the  Manual. 

In  tbm  mA,  tha  loil  ma  elUMiflad  into  ttaa  clayey  aoll  and  aandy  aoll«  and  they  wexa 
a^aclClad  aaparataXy  in  Um  Barth  MbtJt  Naniial.   Am  tatmut  haa  a  nao«««xy  of  atrangth 
af tar  eoo8truetlon«  and  tha  Ineraaae  of  atrengtb  aftar  ooaatmetlcn  la  a^vectad  to  pcorldo 
■n  axtra  atabUi^  to  tha  alapa,  aa  In  tha  case  of  xataininig  %Mlla.    flnia,  no  ^paelal 
conaldaratioB  waa  given  to  tha  aarthquaka.    Bmaaivarf  for  tha  aandy  Boil«  cmly  a  basis  few 
datacalniog  poaallallllar  of  Hqoaf  aotlon  of  poor  aoil  «aa  daaeribad  without  inoludiasr 
detailed  requirements.    It  seoaa  to  be  very  Important  to  examine  the  dynamic  propertiaa 
of  clay,  but  no  requirements  are  provided  for  examining  strength  properties  since  it  was 
simply  agreed  in  t.h.p  conunittee  that  the  earth  structures  would  gain  strength  required  for 
safety  after  then  construction.     It  was  found  that  a  dynamic  test  method  capable  of  pro- 
ducing results  clear  as  these  by  dynamic  triaxial  test  used  for  checking  poor  sandy  soil 
was  not  availahlo  at  thia  tiaa* 

thuat  nathoda  for  analysing  tba  allding  of  alopa  wara  not  poaitlvaly  atatad  in  tha 
Barth  WMfc  Manual.    Xt  ahoold  ha  notad  that  aoa»  SHuniala  are  uaing  tha  circular  arc  alip 
aurfaea  Mthoda.    BoMovarf  aaBy  variationa  oan  bo  aa^aetad  in  dataiia  in  tha  nathnd  of  tha 
Hanual  idiara  tiia  aliding  plana  of  variou*  foma  ia  eoobinad  with  tha  aaivio  ooaf f ioiant 
MOtfaod.   A  faw  aaawploa  will  ha  daacrihad  hareinaftar^  but  ao«a  of  than  ara  aowawhat 
identical  to  those  already  r^portad  aa  "aarthqqaka-raaietiva  jpcopartiaa  of  earth  fill*  at 
the  5th  joint  mating. 

There  are  three  methods  in  the  linear  sliding  plane  approaches:     (1)     sliding  plana 
is  treated  as  infinitely  long  slope  aa  employed  by  National  Railway  Laboratories  and 
Others;    (2)     resistance  at  the  bottom  edge  o£  the  slip  surface  is  con^nsated  in  the  method 

used       Seed  and  Goodmanj  and  3)  sliding  plane  passing  through  the  toe  of  the  slope  is  used 
by  tha  Design  standarda  for  Barfoour  structures. 

The  eireular  are  alJp  aurfaea  nathoda  ara:    (1)    atandard  nathed  applying  aeianie 
force  to  center  of  gravity  of  each  alioaf  (2)    daaiga  eritaria  foe  earth  fill  daa  eiplying 
aelMdc  force  on  slip  aurfaoei  O)    design  standards  for  KaAour  Struetores  share  influence 
of  eeieaio  force  ia  not  applied  to  reeietenoa  tetni  (4)    report  of  xeeoarA  by  Mational 
Xailnqf  and  proposed  design  criteria  for  an  artificial  island  of  Tokyo  Bay  by  Japan  Bead 
Association  where  the  seismic  coefficient  is  applied  only  to  earth  fill  in  providing 
resistance  to  earthquake;  and  (5)     so-called  folded  line  method  where  a  special  fozn  is 
assumed  for  the  sliding  mass  of  earth  fill. 

The  latter  methods  (circular  arc  type)  are  employed  when  the  results  of  the  conaputa- 
tiona  by  atandard  ■etheda  are  unebla  to  aaaura  stability  due  to  exd^tionally  luge  aises 
of  Btrttotnre  or  nnuaual  fb«a  or  to  provide  baeia  for  caleulatlena  by  accurately  etudying 
■aebenisB  of  phentMnanon  with  varioua  devioea  and  by  mriooa  tjrpea  of  aiavlifieatiene*  By 
thia  ^fproeeht  eadi  of  theae  ptwwn*  ie  examined  in  detell  for  evaluating  ita  coatrihatlen 
to  resi«tane«»  and  thne  extra  forces  hidden  In  the  calculations  will  be  reduced  accordingly. 


V-4B 


4.    DBSIGM  BY  DISKMBBm  CRnSRIX 

In  the  design  of  a  retaining  wall,  one  problem  is  the  value  of  the  destructive  dis- 
placetnfint  to  be  used,  and  this  is  not  the  problem  concerned  with  the  earthquake  alone.  It 
was  txied  to  make  provisions  for  displacement  in  the  Manual.    As  reported  previously,  there 
will  be  a  number  of  different  t^es  of  failure  in  earth  structures  caused  by  actual  earth- 
tptAmm*    HoifMvr,  a  type  of  failure  •iBlIu  to  tiiet  Mdeled  in  a»  analysis  is  hardly  fosnd. 
In  faet  a  slight  pcojaotlon  of  vatalning  Mall  after  an  oartiiqvaka  mtgr      found,  but  ooapleta 
ovortumlng  or  sliding  is  rarely  Sound.   Host  of  tin  failuros  stop  after  a  certain  degree 
of  progress.   Bven  if  an  overall  failure  occurs  it  is  usually  nade  as  a  part  of  overall  slqpe 
failure  instead  of  its  own  ladspendant  failure.   Uao  in  the  ease  of  earth  fill,  overall 
failure  rarely  oocora  unless  a  liqaefaotion  Is  pceaent. 

All  of  these  phenasena  are  called  "failure"  so  that  various  types  of  recognitions  for 
the  failure  become  unclear.    A  number  of  phenomena  existing  in  reality  are  all  cast  in  the 
limited  number  of  forms,  resulting  in  a  shortage  of  useful  Information.     It  may  be  natural 
to  find  this  kind  of  problem  in  old  references  investigated  but  a  complete  record  may  not  be 
obtained  in  earthquake  danage  investigation  conducted  in  recent  years  unless  the  problem 
Stated  above  is  reformed  in  investigation.    When  an  actual  damage  is  seen,  each  person 
MV  clMsify  it  differently  from  others*   Also*  a  danaga  nay  look  as  If  it  om  he  elasslfled 
into  certain  types  at  a  glance,  but  an  engineering  aathod  for  quantitatively  determining 
ttie  danage  by  a  survey  has  not  hem  studied  oonscioiisly. 

Slip  failure  of  zoad  9mb»vSamot  caused  fey  earthqnalse  in  the  middle  district  of  Olta 
Prefecture  may  be  a  good  emvle  of  tlila  probleB. '  At  a  glance  or  from  photographs  of  damage, 
the  contents  of  damage  look  very  clear  but  it  is  extremely  difficult  to  record  it 
quantitatively  as  a  prototype.    It  seeros  very  difficult  to  Imagine  a  real  state  of  a  damage 
frcTn  drawings  of  data  gathered  only  from  Survpy  of  R-^il  Property  for  Disaster  Restoration 
Vui- .    Regardless  of  the  consequences,  it  nay  be  an  only  way  to  produce  drawings  according 
to  a  pattern. 

Because  of  tliie  unoartaini^,  mwqr  people  ««e  u««d  to  thiniking  that  ooneiderattoa  for 
fiailure  of  earth  structures  fey  eertJiguake  is  unneeessaxy.    However,  thie  is  mainly 

■tart,  b«t  it  etaould  be  uodereteod  that  a  structure  can  be  utilised  even  after  this  boundary 
statte  is  emeaedad.    Ihe  discussiop  nay  fan  advanced  wit^  such  a  view  in  uhieh  the  use  of 
structures  is  precluded  taken  as  a  Uade.   For  this  purpose,  also  an  effort  to  adopt  a 

design  method  determining  a  failure  by  displacement  criteria  may  be  reqaired.  nowever,  this 
method  haa  not  been  adopted  in  the  recent  revieion  of  the  Manual. 

5.    PWOOBBSS  OP  IIBS16II  VRIMCXVIiB 

Empirical  techniques  of  design  for  earth  structures  have  been  useful  for  the  design  of 
structure^  v'ith  limited  sizes.     But,  uncontrollable  factors  will  appear  when  the  sizes  of 
Structures  increase.    At  first,  the  dxr£xculty  in  design  is  overooine  by  modifying  values 
eaveessing  tbe  cheraotariatiee  of  eoile  uaed  in  deaign.   When  this  approeeb  beoomee  no  more 
epprepiriate  to  deaign,  other  mechentcal  or  vwlitative  development  must  be  eiqpeeted. 
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The  problem  In  evaluating  the  influence  of  earthquake  may  be  the  sam*-  a?  that  stated 
above.    This  problem  can't  be  solved  simply  by  increasing  the  accuracy  of  the  same  emalytical 
method.     This  problem  requires  a  certain  new  method.     As  presently  done  so  often,  resorting 
to  the  strength  characteristics  such  as  "c"  and  "jZ)"   (which  are  not  related  to  strain)  as  a 
result  of  analysis  of  soil  properties  is  an  accustomed  method  in  normal  approaches  of 
ndMnios.   namvmti  posalbtU^  of  volving  problaM  within  tiiia  cjonvrntlonal  utm  of 
ill^pKOBGli  Is  bsFowifij  wcy  snsXX* 

6.    OOMSIDBBftTION  FOR  COLVBKTS 

Lastly*  ths  Influsncss  of  oarthq^sksa  ars  not  tdcsn  into  ooosldsration  in  Vttm  dosign 
prineipls  for  eulvarts  in  ths  Manual*    llonsvsrr  in  tits  dsaign  of  gats  tgpe  oulvsrts,  ono 
paragrapb  of  ths  Mnual  zsqulxos  an  analysis  vith  earth  pressuros  acting  only  on  ons  slds 
during  aarthquaks  ovsn  If  ths  earth  pressures  nay  be  acting  on  both  sides  in  resli^.  In 
this  case,  the  nethed  for  eosputing  the  eartii  pcessates  daring  the  earthquake  is  not 
dssignatsd. 

7.  IMPRESSIONS 

a>  iBVision 

Sul^eots  related  to  sexthquake  in  the  revised  Eartii  Work  Manual  have  been  described 

above,  and  now  my  Impressions  will  be  stated  below. 

An  important  point  is  that  major  chanqes  covering  a  wide  area  of  subjects  may  be 
required  instead  of  conventional  type  revisions  in  the  sense  of  narrow  area  if  a  design 
manual  for  earth  structures  is  to  be  revised  in  the  future.    Methods  used  in  many 
revisions  qp  to  now  are  to  revise  paranetrlc  vaO-ues  of  earth  neduwics  trtille  maintaining 
tits  sflSM  qv»litative  Mdhanisn.   Ihls  traditional  usp^omdh  nay  bs  liodtsd  in  its  effects 
even  if  the  aeenra^  of  the  veluea  of  parssMters  is  improved  hgr  aeans  of  aaiqr  eipeHwsnts 
since  the  iwproeoh  is  not  considsrlng  noo-unlfoodty  of  the  qMsli^  of  earth  structures* 

As  «  zeanlt#  this  aay  raise  a  ^piastioa  whatiier  pMpertles  of  earth  struotnres  oan  be 
eoqpressed  by  accumulation  of  minor  items  as  expressed  in  normal  nsohsnies*  NOmally* 
in  research  activities,  more  details  are  investigated  as  the  research  progresses.    But  the 
entire  picture  can  be  more  exactly  understood  if  macroscopical  view  is  taken  as  long  as 
the  magnitudes  of  disturbance  of  the  properties  are  Identical.     A  solution  might  be  to 
employ  a  probabilistic  approach.    But,  simply  using  the  probability  concept  is  not  desir- 
able to  us  since  solutions  by  considering  soil  mechanics  are  more  important  at  this  stage 
of  ths  dsvelo{pMnt* 

HOW  let  us  email ne  these  eidijeets  in  note  detail,   ha  long  as  we  try  to  understand  • 
phenosMnon  by  the  use  of  data  and  aniayels,  eontradlct tons  betwsen  requirssMnts  for  enalytieal 
aceuxecy  and  eetual  state  wiU  go  nonrreverslbly  tomrds  nore  oontradiotocy  direction*  Jn 
audi  a  oaaor  a  proper  aenpiMMlee  may  he  neceseary*    ttaually  the  coipnnlse  la  oonsidsafed  to 

be  passive,  but,  in  this  case.  It  Should  be  more  positive  in  nature  and  this  can  be  achieved 

if  it  solves  the  problem.    The  use  of  slip  surface  method  may  be  a  kind  of  oonpromise  to  the 

present  state  of  mechanics,  but  it  is  very  praoltoel  especially  for  producing  proper 
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ooaproHlse  oov  Is  rasponsa  to  tha  praseiit  nseda.  HbMonrar,  It  BlioQld  not  be  linited  only 
in  an  area  «here  values  of  coefficients  are  pr^ared  unless  it  contains  wider  nsdianieal 
arsa. 

(2)  Renovation 

It  must  also  be  considered  that  the  problem  of  renovation  in  earth  structures  is 
very  particular  compared  to  other  structural  matorials.     With  other  materials,  renovation 
of  a  failed  structure  means  that  broken  portions  are  completely  replaced  by  new  materials, 
though  it  may  be  sometimes  very  difficult  to  determine  a  limit  of  broken  portion.     This  is 
quite  different  from  the  earth  structures  since  broken  portions  of  soils  are  rarely 
Esplaoed  Igr  otber  new  soils*    This  phenoMnon  Is  rattier  quantitative  In  natuze  since  a  fozm 
Is  rearranged  by  adding  soils  to  tiie  broken/  defomed  portions.   On  ths  ethsr  band*  tliere 
is  an  aiiaapla  of  satheir  qualitative  zenovatlen.    A  final  renovation  work  la  e»eeuted  directly 
on  an  asiergency  work  nade  1—isd lately  after  a  failure  of  earth  structure,   ihus/  in  earth 
strttcturesf  wear  retiier  than  failure  is  often  nore  adeqiaate  expression  to  use. 

As  long  as  the  failure  of  earth  structure  is  treated  as  statsd  above»  It  may  be  very 
difficult  to  expect  a  complete  answer  to  the  design.    That  is  why  a  oonslstmt  description 
in  a  linit  of  a  system  will  give  a  justification  as  stated  previously. 

But,  it  is  understood  that  this  type  of  system  must  experience  a  qualitative  improve- 
ment of  the  method  at  a  certain  sta^e.     Reseaurch  and  design  are  mutually  combined  in  such 
types  of  relatlonsfalpB.    In  earth  structures,  however,  this  kind  of  stage  is  long  overdue, 
end  the  result  Is  slew  progress.   Though  only  these  kinds  of  findings  az«  ueeful  for  deelgn, 
thsy  are  not  all  of  tlie  piessnt  fmlts.   Jk  great  nurtier  of  iteta  resulted  frm  various 
types  of  enoxaous  In-houae  analytical  M^erlaants  mat  be  totally  integrated  to  utilise  then 
for  ths  istpKoveenit  of  the  netted. 

(ai  leas 

we  are  accustoned  tb  the  uee  of  existing  concepts  when  observing  something.  Especially 

in  soils  engineering,  concepts  developed  in  other  fields  of  science  are  often  used  without 
modification  since  analytical  soil  dynamics  is  very  slow  in  its  progress.     The  present 
approach  may  be  handy  foran  approximate  understanding  but  chance  for  true  understanding  can't 
be  achieved  singly  by  this  borrowing  of  concepts.    Also  a  significant  progress  can't  be 
ediieved  as  long  as  a  chaos  exists  in  the  technical  tens*   The  chaos  also  wdxts  in  the 
nagnitude  of  siaes  and  forces  but  sure  iinpertantly  in  the  areas  of  social  deaiand  for 
qpality  and  changes  in  eavlronsiental  conditions. 
(4>  Priority 

In  the  dlscussioDs  held  for  zevisioos  of  tiie  Earth  Work  Nanual*  a  conc^t  of  priority 
in  design  of  earth  etaniotures  was  once  taken  into  oonslderatlcn  in  an  atteept  to  prevent 

the  failure  of  structures  having  top  priorities.     It  will  be  very  hard  for  me  to  understand 
if  this  concept  is  brought  to  an  attention  only  for  compensating  the  design  method  employ- 
ing "c"  and  "0".     It  is  not  sufficient  to  use  the  priority  concept  only  for  immediately 
solving  discrepancy  that  has  not  been  resolved  by  "c"  and  "0" . 

This  gives  an  ii^ression  that  all  unclear  subjects  are  to  be  approached  with  the 
priori^  oonmrpt.    It  s«y  be  possible  to  establish  the  porimity  concept  to  restrict  the 
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designs  for  high  priority  structures  for  preventing  the  failure,  but  it  is  very  difficult 
to  determine  the  priority  for  actual  structures  agreeable  to  people.    Also  the  priority 
or  value  is  not  «  constant  factor  In  nature.    Cluuiges  in  the  priority  or  value  are  noraal 
and  It  is  not  m  si^le  phsno—non.   7bm  dhsnging  state  doesn't  Man  di— naions  w  diapas 
of  strocture  itself  bat  nsans  social  demnds. 

If  tte  priori^  is  undscstood  in  this  nay*  it  nay  be  a  tgf  of  an  eupMSSiait  for 
indicating  social  isgportance.   As  stated  above  tiie  priority  conoeipt  was  beeut^  to  an 
attsntdon  as  an  livortant  oonaapt  in  the  design  of  aartii  struotoras  but  its  Bsaning  failed 
to  obtain  the  conmon  understanding. 

(5)  Postscript 

Lastly  I  consider  conditions  where  structures  made  of  earth  can  be  produced.    If  only 
the  probability  of  failure  during  earthquake  is  taVen  into  account,  production  of  structures 
by  soil  may  become  impossible.    Exposure  to  any  other  type  of  disaster  must  also  be  taken  into 
consideration.    Also,  it  may  be  possible  to  discuss  a  difference  in  human    senses  between 
pzDdusts  Mde  of  earth  and  thoae  aads  of  stesl  as  a  faotor  in  oonsideriag  earth  stzuoturss. 
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STUDIES  ON  THE  ASEISMIC  PROPERTIES  OF  UNDERGROUND  PIPES 
Keiichi  Ohtani,  Chief,  Earthquake  Engineering  Laboratory 
MobivuKi  ogava.  Research  Mober,  Barth«iiilBe  SagliiMriag  UbOEStory 
Cbitathiso  KiaaMmt  Umamagdb  llMi,iei'»  Barthtuake  BngiMwriag  Uborstory 
national.  RaaMrch  Centar  for  Plaaatar  vieavantion,  Solcnoa  and  Vednology  Agency 

ABSTmCT 

Ihla  papar  daaeribaa  «ha  aiqparlaaDta  of  undergrooDd  pipes  ky  using  the  large-scale 
shaking  table  of  the  Natloaal  nasaaceih  omtar  for  Disaster  Prevention*  the  analysis 
results  of  dpiaaio  wator  pcessara  on  plpallnaa  oanssd  fey  sozttiqiiake  notions*  and  ths 
pKoblsv  of  ths  slij^  botMMtt  tbe  surface  of  pipe  and  the  soil. 

1KB  kinds  of  «sp*riaaats  ware  aaaented.    In  the  first  experinent  a  linear  pipeline 
(Stsal)  was  tnuried  in  the  ground  at  Vbm  vicinity  of  this  shaking  table.    The  test  pipeline 
was  exrited  by  the  waves  which  were  generated  from  the  shaking  table  and  transmitted 
through  the  ground.    The  behaviors  of  this  pipeline  and  the  ground  would  not  always  be 
similar  because  of  the  differences  in  the  rigidities  between  pipe  and  soil  and  in  the 
boundary  conditions  of  pipeline  ending.    In  this  ejqperinent,  slight  diffetonees  i«ttt« 
■aaaiirad  betaMeen  Vbm  bibavioES  of  ths  test  pipelJaa  and  tiia  gzomd* 

In  the  ascend  esverinsntr  n  stsel  pipeline  vltii    branch  pipe  was  set  on  this 
flhaking  table  and  one  end  of  the  vain  pipe  ««s  eloaped  in  the  ibaking  tdkla  foundation. 
And  this  pipeline  was  borlsd  In  ths  sand  pit.   The  bending  straina  and  reatoelng  fbroaa 
of  this  pipeline  were  nsasured.    Ths  dynMlc  strains  had  ths  vnluas  similar  to  thoae  of 
static  strains  for  tiie  sane  diaplacsnents.  «hs  hysteresis  loops*  drann  by  the  reafoeing 
fOECe  and  displacenent  at  the  clumped  end,  had  the  ennrgy  absorption.    The  necessity  for  the 
second  ei^riiient  was  based  on  the  slip  which  had  grown  around  the  pipe  surface  in  dis- 
astrous earthquakes.    The  slip  values  of  the  Infinite  length  pipeline  with  a  branch  pipe 
were  ca'culated  for  sinusoidal  ground  waves. 

In  addition  to  these  problems  concerning  water  supply  pipelines*  etc.»  the  water  pressure 
in  the  pipelines  has  to  be  oennlflMfad.   In  thia  paper,  the  prooednre  for  estlaating  the 
distribstiona  of  dynnaie  water  pressor es  osussd  by  sarthquakes  witiioat  the  so-called  water 
hannar  haa  been  developed,   tor  exanple»  the  dynanio  water  pceesvree  for  ivdel  pipelines 
axe  oaloulatnd. 

KEYWORDS:    Dynamic  water  pressure;  shaking  tablej  underground  pipes;  vibration  experiioents. 
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1.  XHTROIDUCTIOII 


In  the  cases  of  damaging  earthquakes,  such  as  the  1923  Kanto  Earthquake  and  the  1974 
XBahanto-oki  larthquake  and  so  oiif  Uw  undergroand  pipalinM  wen  mmrntmlg  dttHiged.  Sone 
of  tlift  daaage  hapvenad  to  bo  bromglit  about  ky  landslides  and  falling  stones  accowpanlsd 
vith  earthquakes.    But  In  vost  cases  daaages  would  be  broo^it  about  tiff  the  gzound  aetions 
during  earthquakss.   Iters  would  te  naiqr  pips  brsaks  in  tto  vicinities  of  struotursst  and 
the  boundarios  of  dif fsrsnt  ground  propsrties  liould  be  nore  vulnerable  than  in  general 
sites.    Alnost  all  of  the  pipes  would  be  broken  by  the  axial  and  bending  defbxnatioftB, 
and  the  increase  of  water  prMSOre  would  occur  during  earthquakes.    The  damage  patterns 
of  pipes  vould  vary  in  accordance  with  the  types  of  pipe  materlaler  the  ages  of  being 
buried,  the  methods  of  pipe  joints  and  pipe  sizes. 

The  ascismic  properties  of  underground  pipe  lines  were  already  studied  by  many 
researchers  -  A.  Sakurai,  and  the  Ministry  o£  Construction,  and  so  on,  and  many  valuable 
results  were  brought  fay  Omb.    In  the  present  paper,  the  e^gperiaants  using  tte  large-scale 
shaking  table,  the  vibration  eiqwriasnt  of  an  underground  pipeline  of  finite  lengUi  and 
the  forced  dlsplaceaiBnt  ej^erinent  of  T-aihaped  undwpgxound  pipelines  are  discussed.  In 
addition,  the  dynanic  water  pressure  caussd  fay  earthquake  are  calculated. 

2.     THE  VIBRATION  EXPERIMENT  OF  AN  UNDERGROUND  PIPELItiE  OF  FINITE  LENGTH 
The  ground  vibrations  around  the  shaking  table  amount  to  3-10  gal  during  the  shaking 
table  excitations  with  the  heavy  loading  weight.    This  level  ot  vibration  corresponds  tO 
the  earthqualM  of  Intensity  III  of  Japan  Meteorologioal  Agency  scale.   Tteee  ground 
vibrationa  were  used  for  the  underground  pipeline  eitperljnents.   flie  steel  pipeline  6.5ai 
long  and  139.8  on  in  dianeter  was  buried  in  the  depth  of  about  40  cat,  parallel  with  the 
direction  of  this  shaking  table  excitation.   Accelerations  and  etrains  nasured  were  only 
in  the  aeial  direction  eoevonent  of  this  test  pipeline.       Also,  the  ground  aooeleration 
of  this  oooiponant  was  weasured.    The  ground  acceleration  measured  was  about  3  gal,  and  the 
appaurent  transmitting  velocities  were  supposed  to  be  150-800  m/s  with  the  dispersion  by 
another  experiment.    The  axial  strain  values  of  the  test  pipeline  during  the  excitations 
were  4x10^  in  maximum.     According  to  Figs.  2  and  3,  differences  in  behaviors  of  this  test 
pipeline  and  the  ground  were  found  to  be  small. 

The  displaeewent  equation  in  the  axial  direction  ooaiponent  of  the  underground  pipeline, 
using  the  coefficient  of  stibgrade  reaction,  is  eqpEwssed  as  followst 

» l!a  .  p  l!^  *  k    (ug  -  uj  ci> 
»x*      at'  ^ 

where  E  =  Yo'mqfe  modulus  of  the  pipeline,  A  is  cross  section  area  of  pipeline,  D  is  the 
unit  length  mass  of  the  pipeline,  k^^  is  the  interaction  spring  between  ground  and  pipe- 
line, X  is  the  co-ordinate  in  pwmllel  with  axial  direction,  u.  is  the  absolute  ground 

g 

dt^laceient,  u  is  the  absolute  pipe  displaoment.    k     would  be  obtained  agpcoxiaately 
ae  follows I 
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Hm  pipaliiM  asauMd  to  be  burlad  In  the  Infinite  depth  for  oonvenienoe.  fbm 
length  in  tine  aslal  direction  me  aloo  eeeoMd  to  be  Infinite.   Thnaf  thle  pvabiaB 


to  twD-dlneBelooal  procedure.         equetion  for  obtaining  k    by  the  uae  of  polar 

ge 

eo-ecdiaate       was  given  as  gollowei 


+  —   +  ~  «  0  (2) 


ar*         '    Dr        r*    36*        *  »t* 


where  G  is  the  shear  modulus  of  the  ground,        is  the  ground  displacement  for  the  axial 

dlraatlon  (perpendicular  to  the  x-O  plane) ,  p.  is  the  unit  voluma  mass  o£  gxound. 

"  ^l«t 


Ae  aolution  of  thla  equation  would  he  aaeuned  as  u^a«     *R(r>  *•(•}.    It  would  be 
ovfflelent  to  aeeune  the  unlfom  radiation  wave  on]y»  becanae  of  Infinite  Mdlvi.  She 
bounOaxT  forcea  and  dlaplacewenta  along  the  pipe  eorfaoe  would  be  aaeumed  to  be  oontinuotia. 
TheraforOf  the  dlsplaeananta  along  the  pipe  aurfaea  are  written  aa  foUowas 

0  'v'  i«t 

a  la  the  radlua  of  the  pipe,  V  la  the  idiear  velocity  of  the  ground,  Q^e^  la  the  axial 


foKoe  acting  on  the  pipeline^     la  the  olrottlar  fsegpianoyf  ""^  ^*  ^ 

■aaikel  funotifln  of  the  2od  kind* 

i||^(a«t)  oomaponda  to        In  tiia  flrat  aivxeaalon.   1!hua#       would  be  glvan  aa 


follonvt 


"  0 


where  k      is  expressed  in  coniplex  numbers,  and  the  values  of  k    /(2TrG)  are  shovm  in  Table 
ga  ga 

1.  Because  this  problem  was  analyzed  in  two  dimensions,  the  static  value  of  would  be 
equal  to  zero. 

The  solution  of  the  first  expression  for  the  stationazy  sinusoidal  waves  with  the 
boundary  oonditlona  of  the  free  ends  la  wrltt«i  as  fellewsi 


u(x,t)   vir  t   —   


.<»  *  iCa  (Kg.  W>  Va  Xa  SINH(Xal} 


>   ) 

Va  Aa  COSH(Xai} 
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where 


V«  !•  msgnmUt  trwumlttlng  vtloel^  of  tiia  ground  •xeltatlon,  Ca  is  tho  duping  of  tho 

pipeline,  and  211  is  the  length  of  the  pipeline. 

Besides,  another  solution  for  the  first  exsKeamiaa  with  the  use  of  aodal  analyaee 
would  he  ei^ressed  as  follows  t 

tt(x,t)  -    L  (Po  «a(x)  q^Ml  (6) 


0_  is  the  nth  Bodel  perticlpetlao  feetOTf  f  (x)  is  the  nth  natural  function,  and 
n  n 


^(t)  is  the  nth  noaal  oo-ordiaate 

4»*      4        p  EA 


Vp2          ir2  k. 
fn^-  (-^>  t   +          )  C7) 


1       n^TfCg         Cd  ia» 

hn«-  (  )(   +  v> 

f„2    4        p  •* 

whaxe  is  the  traDSRitting  velocity  of  longitudinal  waves  along  the  pipeline,  ie  the 
eprlng  between  the  pipe  and  the  gzouad,  and      is  the  damping  of  the  ground. 

Sqppoaing  tiie  sinusoidal  ground  emeitBtian  i^^^^*''*^^^  es  the  input  wave  for  the 

undergzonnd  pipeline,      would  be  eacpceesed  as  fellowst 

n 

,     SIN  n     +  -r4  SIN       -  -r^ 


Where      ie  the  length  of  the  pipeline  and  L  la  the  wavelength. 

According  to  these  considerations,  if  the  input  ground  wave  have  suffieieatly  Ipng 
wavelengths  in  conparison  with  the  pipe  length,  the  pipeline  would  give  almost  th«  same 
behaviors  to  the  ground.    However,  in  the  short  wavelength  ii^ut  waves,  the  pipeline 
would  give  cc»iplicated  behaviors. 

The  slight  differences  between  the  test  pipeline  and  the  ground  in  this  measurement 
will  toe  aa^laiiied  ky  ttwse  reaaons. 
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3.    TUB  NIRCBD  PXSPUICBIBNT  BXPERHHIIT  OV  T-'SSKSBD  mnBIGROiniD  PXPSUMB 


In  the  disastrous  earthquakes,  the  pipelines  are  supposed  to  slip  along  the  boundary 

of  the  pipe  and  ground.     In  this  case,  the  axial  spring  between  the  pipe  and  the  ground  is 

assuned  to  be  represented  by  the  bilinear  loop.    Supposing  the  sinusoidal  ground  waves,  k 

ST* 


My  ba  •sfsprmmm&A  with  tlM  flzmt  tarn  of  Vouriar  sarles  tex  tin  bUiiMar  loop   aj  fbllAMt 

ICga  •  kl(C  ♦  IS  )  (10) 

'      c  -       -  J  8i»(2#))  (l-«J+o.   S  -  Ja-a)sni*(*) 

k  -awCG  k^,      i  -  cos"* a-  ^  )^  Oe 


where. 


2wa  kA  W  h 


a  is  tha  bilinaag  ooaffloiant,  O  ia  tiia  zalatlva  dlaplaoanant  batnaan  tha  pipaliJM  and  tha 
qBooBd,  k^  la  tha  alaatlo  qpelAg  bataaan  tha  plpalina  and  idie  gxound,  ^  la  ld»  daoraaaa 
ooafflolant  of  6,  h  la  tha  thioknaaa  of  tha  bacdcflll  aoll  ovar  tiM  plpallna,  N  ia  tha  unit 
vslina  waight  of  tha  ba^cflll  Boll*  k^  ia  tha  ooaffleiant  of  Aynanic  friction  batwean 
tha  plpa  Bvrfaoa  and- tha  soil.  ^ 

If       simiaoidal  sround  wava  ^0^  ^^(t-  ^)  ^  appu^jt  to  tha  T^ahapad  plpallna.  parallal 
with  the  axial  direction  of  tha  Bata  pipe,  the  displacement  of  the  pipelina  at  tha  jnootion 
would  ha  9lvan  in  tha  oondition  of  likfinita  langth  for  aach  pipe  a«  followai 

"        <*««■  +  V  *b  <i  ♦«»  <>«ia»  -  Pb 

+  ■  -  I   I.      I-  -  I  —  I  .-  .  • 

(X.  Jl^  4       ibtl  ♦  «»  «B      +  iq.  «)  -4    Jc     -  »*) 

kj^  -  Pb  ^      kbm  -  Pn 


4  Ab"  * 

2  Xbo*  X. 


.2 


E  Am  +  i  Cb  «  2  X^J^ln  +  Ifa 


whara      and      stand  for  aaction  aoannta  of  inartia  of  tha  vain  plpa  and  bnnoh  pipaa. 

and  fi^  atand  for  unit  length  masaes  of  tiM  main  and  branch  plpas*       and  Cj^  stand  f6r 
ttw  dMVing  factor  of  tha  naln  and  hraaidh  pipaa  attribiitad  to  banding  vibratioos*  C_  atanda 
for  tha  davlnv  factor  of  tha  aaln  pipa  attribiitad  to  tha  axial  vlbratloaa,       and  k^^  aaaa 

tha  ground  springs  for  the  bending  displacements  of  the  main  and  branch  pipes,  Va  means  the 
apparent  tranaaitting  velocity  of  tha  input  ground  wave  in  tha  dixaction  of  tha  aain  pipe 
axis. 
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Fic|s.  8,  9  and  10  are  the  calculation  results  of  the  expression  (11)  for  the  parameter 

2  3 

values  of  U^"0.2cin,  U"10cin,  kj^=kj^-28kg/cin  ,  Wa«i.9g/cm  ,  h"120cin.     In  the  calculations,  the 
diUDping  factors  of  the  pi^es  were  neglected.    Judging  from  Figs,  a,  9  and  10,  the  relative 
dlflplactiMttts  (allps)  betneen  tiie  gxound  and  pipe  at  tha  jnnetloii  noiild  inorMaa  if  iiipnfe 
wavea  have  stort  wavelengtha.   The  pipeline  with  branefti  pipes  «ovM  have  small  relative 
diiplaofiaents.    M  a  raault  ol  thia  relative  displaoMent,  the  concentrated  bending  nonenta 
%«aold  ooeor  at  tlie  junction  points. 

To  exaodne  these  oonoentrsttad  beading-aasient  stxalnsr  tte  aj^erlmant  illastratsd  in 
Fi^.  5  was  eiweuted*    the  steel  pipeline  with  the  same  pipe  soetion  as  in  the  first 
experiment  was  set  on  the  shaking  table.    One  end  of  this  main  pipe  was  clumped  in  the 
shaking  table  foundation.     And  this  test  pipelines  of  T-shape  was  buried  in  the  sand  pit. 
The  bending  strains  and  restoriiiq  forces  caused  by  the  shaking  table  displacements  were 
measured.    The  dynamic  strains  excited  by  the  IHz  sinusoidal  waves  were  found  to  have  the 
value  similar  to  the  static  strains  for  the  same  displacements.    The  hysteresis  loops  at 
the  clunped  end  showed  the  absorption  of  energy,  as  illustrated  in  Fig.  7. 

4.    OnOMIG  miBIt  PRBSSDRE  OP  PIFELZNB  CMISBD  BY  EUtfHQIHUCB  NOTION 

Dynamic  tMbtx  j^essure  of  pipslios  oanaed  by  eazthqpulce  motion  is  one  of  the  design 
factors  of  water  sivply  systsm.   On  ttiis  subject  Makagawa  (Raf .  7)  perfbrmsd  theoretical 
studies  and  offered  some  practical  eonelusion  on  waKlwwi  water  pressure  at  the  stop  end, 
bendr  junotionf  etc.  of  pipeline  due  to  sinusoidal  earthquake  motion.    Ns  mads  an  attempt 
to  approach  more  actual  eonditiona,  that  is*  to  estimate  the  ctynamlc  pressurs  distrllnatlon 
in  the  pipeline  system. 

Basic  assumptions  are  as  follows: 

(1)  Any  part  of  the  pipeline  is  forced  to  have  the  bsm  motion  as  ths  ground  around 

it  during  the  earthquake. 

(2)  Earthquake  notion  is  stationary  sinusoidal  wave  at  any  place. 

(3)  Only  the  dynamic  water  pressure  due  to  axial  motion  of  pipeline  is  considered. 

(4)  Prcpagation  of  pressure  wave  in  the  pipeline  is  considersd  to  be  one  dlnniMional. 

(5)  Pipeline  system  is  In  the  horisontal  plane. 

Then,  oonsidering  the  earthquake  motloOf  the  equations  of  motion  and  continuity  of  water  In 
a  pipe  element  are 

where  x  is  the  co-ordinate  along  the  axis  of  pipe,  t  the  time,  P  the  pressure  change  from 
stationary  value,  v  the  particle  velocity  of  water  caused  by  earthquake  motion  (relative 
velocity  of  vibration  to  pipe) ,  C  the  ground  displacetnent  along  the  axis  of  the  pipe 
(component  in  eucial  direction  of  the  pipe) ,  a  the  velocity  of  pressure  wave  propagation, 
p  the  density  of  water,  and  Q  tha  linearised  zeaistance. 
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Put  ^(x,t)<^e^'^^~'"'' ,  afid  oonflldaring  stationary  aolutlon  v<^(x)e^'*^,  and  p=P(x)e^'^* 


«•  qmtt 


Mhere  P^,  P^,  etc.  axe  oonstonts  to  ba  dateiEniiMkl  tyf  boundazy  QOndltlanBr  aajui^a, 
lE-l-j(Q/ia)  and 

Gonsidaxlng  that  a  Is  constant  In  pipaitna  sy*teB  for  8iB|pllclty«  and  using  the  boondaxy 
oonditlon  (equality  of  pressure  and  continuity  of  flow)  for  bend,  T-junotion,  etc.,  we  can 
eiQireaa  a  general  formula  for  dyimie  pxeaeure  anplltude  as  follows: 

Pressure  asplltude  *  velocity  amplitude  of  grounri  motion  (j(oC)x  (X4) 

Wave  impedance  in  pipeline  (pak)xB 
where  B  is  determined  by  (t>,  Q  and  network  system  of  pipeline  considering  the  direction  of 
the  ground  motion. 

In  order  to  Obtain  pressure  distribution  in  general  pipeline  systens,  we  csn  uss 
mnsrioal  oanipntatlans  based  on  solution  (13)  as  follows.    Oonsidsrlng  a  netsorfc  systsn  of 
pipeline  inoluding  M-nodal  points  (stop  end,  bend,  ete.)#  wfaieh  have  linear  boundary  condition 
on  pressure  and  flow,  the  boundary  oonditlon  at  a  nodal  point  i>l,2,*..,H  is  written  in 
wntrix  fozmt  p 

^"ii'  "12^  V'  ■  t«> 
Supposing  a  two-diwensional  borlsontal  ground  motion*  and  substituting  the  solution  (13)  of 
•aob  pipeline,  we  will  have  a  sinnltansQUS  linear  equation  including  tba  boundary  oonditlons 
of  all  nodal  points  and  ground  ■otions. 

[w]   (P)  =  (S)  (16) 
Solving  this  equation,  we  may  obtain  P^,  P^,  and  the  pressure  distribution  of  pipeline  systan. 

Fig.  11  shows  an  exansple.    In  this  example  it  is  assumed  that  the  frequency  of  ground 
motion  f=1.4Hz,  prop^'^j^tlon  velocity  of  ground  motion  (apparent  velocity  at  ground  surface) 
v^=100Bi/sec. ,  and  damping  Q"0.    Ten  nodal  points  are  shovm  by  No.  1-10,  where  No.  1,  8, 
and  10  may  be  infinite  points  idiich  absorb  pressure  energy  and  have  00  reflection  waves.  In 
this  figure,  the  pressure  distribution  is  nemallsed  fey  f>aii)€^*9lcg/cB  so  as  to  shew  the 
effect  of  infinite  points. 

Fron  sons  oonputatlons  as  staoMn  above  (Raf .  8)  we  can  aay  liiat, 

1)     Dynanle  water  preesurs  in  the  pipeline  to  be  oaussd  fey  aarthiquake  astion  has 

fraqMSncy  diaracteristics  which  will  depend  on  pipeline  systen  and  ground. 
2}     Water  pressure  Is  conalderably  damped  at  infinite  points  in  pipeline  system,  but 
considerably  high  pressures  may  arise  In  sone  parts  of  the  pipelines  which  have 
nany  stop  ends.  V-59 
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3)     Px«Miir«  diatrlbntlon  in  plp«liii»  Byatan  ahOM  mm  dlf  f •danc*  d^paadiag  «n  tte 
gxound  aotloiip  but  It  mmb  to  hava  a  n%ei£i.e  soda  d^panding  on  tba  atraetura 
of  pjpalina  qrston,  and  tlia  peaaaura  aaplituda  doaa  not  almya  aiqpaar  at 

a  9tep  and  or  junetlon  point. 

5.  COtlCUJSIOli 

1!ha  btiiavior  of  undarground  plpallnaa  dnxlag  aarthquakaa  ia  au^octad  to  giva  nallar 
▼Jlnratiana  in  oooparison  with  that  of  tlia  gtoond,  baoauaa  o£  tha  dif faxanoa  in  tlia  atlf f- 
naaa.    In  tte  casM  of  the  pipeliaaa  wltii  braaoh  pipaa,  tha  aarthgiafca  loada  aoold  b«  aoa^ 
alderad  to  Tarn  concentrated  In  the  junction  points,    in  tha  design  of  water  supply  ayatMlf 
great  care  must  be  paid  to  the  distribution  of  pipelines  wlkere  lacge  dynanio  water  pKassnras 
might  be  caused  by  earthquakes. 

The  properties  of  earthquake  ground  motions  should  be  clarified  for  the  asoismic  design 
of  underground  pipeline  as  well  as  for  the  other  structures.    Considering  the  input  earth- 
quake waves  to  the  pipeline,  the  apparent  transmitting  velocities  should  be  an  iaiportant 
factor  baeanaa  of  thaix  wavalengths.    Vor  tba  purpose  of  invastlgations  for  the  tsfmrmt 
tranandtting  propertiea  of  earthgaake  ground  notlone*  it  ia  neoeasacy  to  intensify  tba 
eartbgualM  ebaervatlone  oA.  tiie  svrfaea* 
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Slilgao  MklwyHMr  CbiAf  of  SnbaqpuWMia  Tonmla  and  Flp*  Llaaa  Lateratoty 
Omhu  xiyioBiya,  itanb«r  of  Suba^Moaa  Vinmals  and  Pipe  Lines  Laboratory 
Bajiaie  Tsuchida,  Chie£  of  Earthquake  Resistant  Structures  Laboratory 
All  o£  Struoturas  Division,  Port  and  Harbour  R—aaroh  Inatitote 

Ministry  of  Transport 

Kinuura  Submerged  Tunnel,  which  is  located  at  Kinuura  Port  and  Aichi  PrefActiure,  is 
equipped  with  a  number  of  instruments  comprising  of  accelerometers ,  strain  meters,  bar 
stress  transducers,  and  a  displacement  meter,  which  are  Intended  to  serve  the  purpose  of 
tha  tunnal  aaSntaiiBiiuM  and  to  psovlda  data  for  atndying  ttaa  iMhavlor  of  tha  snlnargad 
^tii'ttI  dwlnj  BBT^tfipjalraw 

Hm  maaaunHtant  of  aarthqaaka  vaqponaa  of  tha  tunnal  liaa  baaa  earriad  out  aiaea  ftuguat* 
1973  when  the  tumal  van  opanad  to  traffic.   Fifteen  earthqiaakaa  have  been  teoocded  up  to 
January*  1977.   A  part  of  the  data  tbua  obtained  and  ita  analyaia  have  already  heen  reported 
fay  the  anthora  (1) .    Tbla  paper  deaeribea  the  analyaia  of  tlie  data  and  the  reaiilt  of  earth- 
qaidce  re^onae  oalcnlatlona  oarrlad  out  by  uajng  thaae  earthguake  reoorda. 

aXNOHJfii   *eeele«inategt  aadal  foroaj  bar  atsaaa  tranaduoart  handing  mooMnti  dlaplaoMant 
■aterf  dynanic  bahavlor  of  tanneli  power  iipeotraii  atrain  mtari  aulbnargad 
tunnel. 
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1.     SUMMARY  OF  THE  TUNNEL  AND  INSTRUMENTATION 

Kliniura  SutawrgvA  TuumI  iililoh  oomiaets  tb*  eitlm  of  Buida  and  Haklnui  Is  a  tm- 
IttM  higlway  tuiUMl  having  «  total  langtii  of  1^560  a.   Itie  sukiMtigod  portion  of  the  tnimol 
is  480  m  in  longtti  and  consists  of  six  reinforced  concrete  elenents,  80  m  long,    fho  soil 
conditions  at  the  tunnel  site  consist  of  a  well  compacted  semdy  gravel  layer  below  a  depth 

of  -17  to  -18  m  and  a  flllod-up  layer  to  the  depth  of  -5  to  -10  m  from  the  surface. 
Intervening  layer  in  lianda  side  between  the  foregoing  two  layers  is  a  very  soft,  unconsoli- 
dated, clay  layer,  however,  the  intervening  layer  in  Hekinan  side  is  hard  clay  with  N-value  of 
9-13. 

Am  arrangeBtnt  of  instrunants  Installad  in  tbm  tunnol  is  sliowi  in  Fig.  1.   A  total 
of  19  acooloroawtsxs  is  installad*  ona  aacfh.  in  tho  axial  and  noxaal  diraotioas  to  tha 
tunnel  axis  at  the  gzound  surface  on  both  sides  of  the  tunnel #  thus  totalling  four)  two 
each  at  the  top  and  bottoa  of  each  of  the  two  ventilation  towers  and  tso  acre  for  vertical 
acceleration  aeasuramnt  at  the  top  of  the  ventilation  tcwer  on  Banda  side  to  catch  rooking 
action,  totaUJng  teni  and  five  in  the  stdnergad  elaasnts.   A  pair  of  strain  aeters  are 
installed  at  three  sections  of  the  tunnel  under  the  navigation  channel,  totalling  six.  A 
total  of  eight  bar  stress  transducers,  at  each  junction  of  the  ventilation  towers  and  the 
submerged  tunnel  elements  is  installed. 

Bar  stress  transducers  were  initially  used  for  the  execution  control.    Also,  one  dis- 
placement meter  is  installed  in  the  middle  of  the  submerged  tunnel.    The  trigger  level  for 
the  starter  of  these  instruments  is  set  at  three  gals  and  the  system  is  so  designed  as  to 
talce  tite  records  for  three  ainutes.   ihs  recording  systans  are  located  In  the  ventilation 
towers. 

2.     EARTHQUAKE  DATA  AMD  ANLYSIS 

Barttquaka  data  obtained  and  analysed  are  given  in  Table  1.   Barthq^ake  Nos*  ianiV-4 
through  XDiiT-6  were  omitted  in  the  tabulation  because  th^r  we  recorded  only  in  sons 
instnawnts. 

All  of  the  earthquakes  reccrdsd  were  nediua  scale  (not  exceeding  aagnitude  6} ,  and  the 

intensities  at  Ximnira  were  Scale  II-III  in  the  Japan  Meteorological  Agency  Scale.  Shown 
in  Fig.  2  are  sowe  of  the  rewards  during  the  earthquakes.     A  study  of  the  data  obtained  by 
acceleroinoters  indicates  that  the  values  of  the  maximum  acceleration  on  the  ground  surface 
o£  Hekinan  side  were  in    most   cases  greater  than  those  on  the  ground  surface  of  Handa  side, 
and  this  appears  to  be  attributable  to  the  difference  in  the  soil  properties  between  the 
ground  at  both  sides  of  tiia  tunnel,    oniifce  the  foregoing  diffeir«noe#  faoweverf  alaoat 
identical  values  were  shown  on  both  sides  in  the  case  of  tha  ■axlana  Mcelerations  recorded 
at  the  ventilation  towers.   Froa  fAlm  point  of  view#  it  is  presuaed  tJiat  the  ventilation 
towers  have  responses  to  earthquake  dtff«cent  froa  thoae  of  tbm  tunnel  tenants.   At  the 
tunnel  section  under  the  navigation  diannel*  the  record  of  XDIf^l  and  that  of  iaiin-2  showed 
little  difference  in  the  valines  of  the  maximum  acceleration.    As  for  nniT-3  and  JBMt^Jt  how 
ever  I  the  values  of  aaxiauB  acceleration  increased  as  the  looaticn  beeane  closer  to  Baada 
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side.  At  tlw  ivpcoach  portion  of  tho  taiwal,  tlw  valuM  of  th*  madmm  ftecolovAtiaD  vbt* 
■c— i**t  ffTMtttr  tiian  thoso  for  th»  tuaiMl  olMnntB.    m  tho  vontllatlon  tonora*  tho  wrlmi 
aoceleratlon  at  tbo  top  mm  fncoatar  tbaft  tliKt  «t  tlM  tattov. 

The  Fourier  anAlysis  of  waveforne  indicates  that  the  preaominant  periods  o£  KPHV-l 
and  KUWT-2  are  significantly  different  from  those  of  KUWT-3  and  KUWT-7.     This  difference 
is  considered  to  be  attributable  to  the  difference  in  the  characteristics  of  these  earth- 
quakes.    The  earthquake  waveform  at  the  bed  layer  was  calculated  by  the  theory  of  multiple 
reflections       using  the  ground  surface  records  ontained  in  KUWT-7.    Shown  in  Fig.  3  are  the 
»a*iMm  aooeleratlons  for  each  strattn  as  calculated  from  the  records  obtained  at  Heuoda  side 
and  also  tho  mtMLum  aeoslwatlon  as  aaasuzod  at  tlia  vatitllation  town;  (P-Sf  -6,  -14  and  -15} 
and  at  tiia  onrgxouad  portion  (P^3)  of  tlie  tunnel.    It  can  be  seen  fzon  the  figure  that  tbt 

aooelexation  of  tbe  structure  in  the  ground  van  alvost  equal  to  or  slightly  snaller 
than  that  of  the  ground  itself. 

3.     EARTHQUAKE  RESP<»ISB  CALCULATIONS 

using  the  eartiigttake  reoords,  earthnttslce  response  calculations  ifsre  carried  out  and 
oonpared  with  the  ■easured  values,   itas  aethod  of  tiiese  earttquake  response  oalonlatlons 

WM  proposed  hy  tHMDIM  and  hamada  (2,3),  i.e.,  the  method  in  which  the  reaponses  of  the 

ground  and  structure  are  obtained  by  replacing  the  ground  and  the  structure  by  an  idealized 
system  composed  of  mass,  spring  and  dashpot.     As  input  records,  P-2  and  P-9  in  KUVrr-2,  and 
P-2,  P-6  and  P-9  in  KUWT-3,  were  used.    The  input  records  were  gained  by  the  theory  of 
xultiple  reflection. 

Table  2  flhows  the  bending  nonents  and  axial  forces  as  calculated  fron  the  neasured 
values  by  the  bar  stress  transducers  and  strain  SMtera.   Pig.  4  to  9  shoMS  the  reeults  of 
earttiquBlte  reapooae  calculations.   For  tiisse  calculations*  the  danping  constant  una  takm  as 
0.0  eanept  for  sobm  eases. '  Black  dots  in  these  figures  represent  the  bending  noasnts  and 
axial  foroee  ealeolated  f bob  the  neasured  values  given  in  Mble  2  and  the  neasured  values 
of  acoalaratioD.    As  for  the  bandiiig  ■p—nf »  the  values  eelenlatad  fzosi  tlM  strain  neters 
agreed  fairly  voll  with  tiwee  obtained  by  earthqnake  response  calculations  as  shown  in 
Pig.  4. 

The  values  obtained  by  the  bar  stress  transducers  were  somewhat  lower  them  the  calcu- 
lated moments.     This  disaciMenent  may  have  been  caused  by  the  fact  that  the  bar  stress 
transducers,  having  been  primarily  intended  for  the  execution  control,  were  not  designed  for 
high  precision  measurenent.    Jkooording  to  the  results  of  earthquake  response  calculations  in 
other  oaaee*  the  naxinuw  bending  nooNots  ganerally  occurred  at  the  tunnel  proKinate  to  ttt 
nhore  pcoteotlon  structures.    However*  the  oalculated  naximsi  nonwttts  Ccon  the  neasured 
values  ooourxed  at  the  sans  point  and  also  at  the  nlddle  of  the  tunnel  section  under  the 
navigation  dbnnael.    in  view  of  this*  further  studies  will  be  nnde  as  to  the  cause  of  this 
result. 

In  the  case  of  axial  forces,  the  measured  values  agreed  well  with  the  corresponding 
calculated  values  where  the  damping  constant  was  taken  as  0.0  as  shown  in  Fig.  5.  When 
the  da:T>ping  constant  was  taken  as  0.1,  the  sectional  forces  were  1/2  or  1/3  of  the  value  as 
shown  by  dash  lines  in  Fig.  S. 
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As  shown  in  Pigs.  5  and  6,  the  maxliman  axial  forces  occurred  on  the  opposite  side  to 
the  place  where  the  input  record  had  been  obtained.    When  the  power  spectrum  of  the  earth* 
qoBlw  WKvefonw  wtt*  coopurad  with  ths  prwdoninant  psriod  o<  tlw  flxoond  obfcaSaad  txtm 
muMOxmrnit  fcv  fldorotrvBr,  It  nu  fbund  tii^t  tiia  parlod  of  MrthqnalM  noord  of  P-2  in 
BIIIV-2  are  elOM  to  tlw  ftrodonliMnt  period  of  the  ground  on  Bakiaan  alda,  b«t  are  net  eloao 
to  that  of  tlia  gxooiid  on  Band*  aida. 

What  em  be  oonaldorod  in  this  ra^paot  la  that  tha  aaawvtion  of  tha  aoil  ooadltlona  Mda 
In  ttia  ground  modalling  sight  hava  baan  aosawhat  Inadaqnata.   Wnm  thla  point  of  Timtt  tha 
tlSUial  was  divided  into  halves  at  the  midpoint  vnOar  the  navigation  channel «  ttw  aarthquake 
response  calculation  of  each  half  of  the  tunnel  was  mada  with  tha  aarthqiaaka  vacoxd  "^^^ 
on  that  side,  and  then  tho  two  results  were  superposed. 

In  consequence,  the  peak  of  the  sectional  force,  which  was  conspicuous  in  the  opposite 
side  to  the  one  in  which  the  input  was  made,  disappeared,  and  a  comparatively  flatter 
curve  of  axial  force  distribution  as  shown  in  Fig.  7  weis  obtained. 

Pig.  8  waa  plottad  tap  using       earthguak*  xaeovd  of  P-3  in  Sba  responsa 

aeoalaarationfl  tuxnad  out  to  faa  graatar  in  tha  auhaargad  portion  of  tha  tonaal.   Aa  to  P'S* 
P-11,  and        In  tha  atflnevgad  portioa  and  F-1  and  f-B  at  tha  ground  aurfaea,  tha  oaleulatad 
valuaa  agraad  fairly  tiall  with  tha  siaaanrad  valiwa. 

Pig.  9  la  plottad  by  naing  tha  aarthqpaka  raooxd  of  F-2  In  WXMT'i  ataleb  ma  in  axial 
diraetion*    Slightly  differing  fzon  the  caaa  of  P>1*  tha  acceleration  in  the  navigation 
channel  was  BMillair«  but  the  calculated  values  ware  aipproximately  in  accord  with  the  measured 
vatlues.     There  were  cases  where  the  maximum  response  acceleration  of  the  navigation  channel 
portion  was  greater  than  those  on  both  sides  or  where  tha  measured  values  were  substantially 
lower  than  the  calculated  values. 

This  will  have  to  be  clarified  by         future  studies.     It  is  to  be  noted  in  Table  2 
that*  awapt  for  tha  Baaauzad  valuaa  In  hqh^s  by  tha  atraia  meters  of  S-1  and  8-2,  the 
anlal  atralna  iMra  greater  than  the  banding  atralna.   The  wmxLmm  axial  atralna  ■eaauzed 
by  the  bar  streea  tranednoers  of  K-1  and  K-3  In  Kinfi-3  ma  3.75x10'^.   Since  tbt  correeponding 
aa-rlMn  axial  atxaln  obtained  fraa  tiia  aartJiqiiaka  raaipQaaa  oalcttlntlona  ma  3.78x10***  there 
MB  n  fair  asreexent  between  then,   the  neaaored  bending  etrain  was  0.92xl0~*  Mhidh  was 
about  a  quarter  of  the  axial  strain,  but  the  maximvun  bending  strain  as  obtained  by  the 
earthquake  response  calculations  was  5.78x10  ^,  which  is  about  six  times  as  great  as 
the  neasured  bending  strain.    Although  the  calculated  bending  strain  curve  was  of  such 
a  sfjape  that  its  ;unplitude  became  large  gradually,  the  measured  and  the  calculated  values 
agreed  well  with  each  other  in  respect  with  the  predominant  period  in  the  power  spectrum, 
figa.  10  and  11  show  tha  axial  and  bending  strains,  and  the  power  spectrum,  respectively, 
of  ICUIiT-3. 

PradCBiaant  pagioda  in  tike  sMAaurad  banding  etrain  \mtm  0.79  and  0.60  aeoond  and  tboae 
in  the  calculatlow  vera  0.79  and  0.68  eeoonda,  reqpeetively.   Aa  for  tha  axial  atralna, 
1.02,  0.85  and  0.60  eeoonda,  and  0.93,  0.85  and  0.57  eeoonda  ware  pEadaninant  ftair  tha 
neaaorad  and  tha  caieulatad  vmluaa,  reepeetlTaly. 
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4. 


OCIKLUBICMB 


While  the  epicenters  of  KUWT-1  and  kttwt-2  were  at  a  long  distance  from  the  submerged 
tunnel  site,  those  of  KTWr-3  and  KUWT-7  vere  j  roximate  to  the  tunnel  site.    All  of  these 
earthquakes  were  of  coniparatively  snail  scale  but  each  had  Its  ovm  characteristics.  The 
fact  tiittt  thay  ted  di£f«Mttt  e1iUMt«rlatiea  elaciflM  tiiab  the  ground  M  mU  mm  tha  a^ 
■waraad  tunaal  had  bdiavlora  dasaaAlnq  ax  tbm  aarthqoaka  dharafitariatlaa.    It  aaa  alao  found 
tbmtr  ia  tiM  eaxthguakaa  originatad  far  fxom  tha  tunnal  aita,  tha  long  parlod  ooaponanf 
nava  pradoadaaat  in  ground  notion*  and  tha  tmnal  had  alinat  tha  aana  bAavlora  aa  tha 
gzoiBd.   On  tha  contrary*  «hara  tba  vloantara  are  locatod  noar  tha  tuiinal  aitOi  tha  ground 
■Dtion  ms  govamad  htf  Vbm  diort  pariod  coiiionanta*  and  tbm  btiwvioro  of  tha  twmal 
dlfftted  slightly  from  those  of  the  ground. 

The  vibration  of  the  submerged  tunnel  as  a  whole  was  governed  by  the  surrounding  soil 
conditions  at  respective  sections  of  the  tunnel,  and  the  ground  vibration  characteristics 
along  the  axis  of  the  tunnel  were  different  from  those  in  direction  normal  to  the  tunnel 
axis.    It  i%>  therefore    considered  necessary  to  investigate  topography  and  soil  properties 
both  in  the  direction  of  the  tunnel  axis  and  in  the  direction  normal  to  the  tunnal  axis  in 
OKdar  to  dataodjoa  tha  natural  pariod  of  tha  gzonnd. 

iha  graatost  valua  of  the  naxiiiuM  aooaleration  waa  fiound  at  the  ground  aurfaea.  Tha 
values  of  the  ■aniiun  accelaratlona  In  tha  ventilation  toners  and  the  stibnerged  section  of 
the  tvmiaX  wexa  alaoat  aqaal  to  or  sli^itly  mallar  than  ttoaa  at  the  ground  surfaoe.  At 
tha  unpai  part  of  tha  vantilation  toi*ar«  tha  wairlBiiii  acoolaratioii  was  Couad  to  bo  anallar 
than  tiiat  at  the  ground  surfaea* 

As  for  the  strains  which  occurred  in  the  8ubner9ed  tunnel,  the  axial  strains  were  found 
to  be  predominant  over  the  bending  strains  in  all  cases  except  one  record  in  KUWT-3, 
and  the  maximum  axial  force  calculated  by  the  measured  strain  was  about  1,100  tons.  In 
vi^  of  the  results  of  earthquake  response  calculations,  it  is  very  importemt  to  determine 
soil  condition,  spring  constant,  dashing  constant,  etc..    Since  the  noduli    of  elasticity  of 
aolla  vary  with  tha  lavala  of  tha  ground  strain  during  aarthquakas*  tba  valua  of  spring 
constant  ^wuld  be  detendnad  on  the  baals  of  alastlo-plastlc  analysis  or  trlaxlal  vibration 
tests*  particularly  if  the  strong  easrtdiqaakas  are  to  be  oonsldwed.    In  these  calculations* 
there  ware  oases  irtinraln  ilia  ■aasnrad  strains  showed  fairly  good  agireewsBt  with  tha  value 
by  the  aartfaquaha  raaponae  oaleulationa.    In  au^  oaaes*  it  mss  fbund  that  tha  poser  spacUiim 
for  both  had  also  sSnllar  predOMlaant  perioda.   Valuaa  of  tha  ealculatad  aocalerations 
ware  aonewhat  larger  than  the  swasured  valuas>    VhLm  was  particularly  so  undar  tha  navigation 
channel  where  the  calculated  accelerations  were  large.    Unfortunately,  there  was  no  case 
in  the  present  observations  where  perfect  record  of  strains  was  obtained  at  all  of  the 
three  sections  of  the  submerged  tunnel. 

Thus*  tha  distrlbtttion  of  ths  sectionsl  foroos  with  respsct  to  tiis  sntaaerged  tunnel  aids 
ahould  ba  taken  14^  aa  tha  anbjaist  of  tha  future  raaaarcli  studiaa. 
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Table  -  1      EARTHQUAKE  RECORDS 


Barthqwaks 

lio. 

Itattt 

Location 
of  Origin 

Magnituda 

Depth 
(k«> 

Epicentral 
diatance^^j 

mn  - 1 

1973.11.25 

N    33'  51* 

E  135°  25' 

5.9 

60 

18S 

niWT  •  2 

1973.11.25 

N    33°  53' 
_E_i:i5«  23- 

5.8 

60 

185 

KWT  -  3 

1974.  2.10 

11    35'  2' 

E  136'  56- 

5.3 

40 

30 

KUWI  -  7 

1974.  8.16 

N    35°  15' 
B  136*  U' 

4.9 

50 

50 
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labia- 2  MASURED  bending  MOMoras 

AND  AXIAL  FORCES 


Earthquake 
No. 

Axial 
Strain 

Axial 
Force 
Vton; 

Bend  ing 
Strain 

lending 
Mooenc 

iaiwi-2 

1.84 

239 

0.33 

110 

KUWT-2 

6.34 

823 

2.09 

696 

KUWT-2 
K-5  i  K-7 

2.55 

331 

1.15 

383 

KUWT-2 
K-6  i  K-8 

a.  65 

1,123 

5.80 

1,931 

KUWT-2 

a    X    O  3—^ 

6.5 

844 

1.5 

703 

KUWT-3 

0.  ^7 

324 

5.66 

2,655 

iam-3 

K-l  &  K-3 

3.75 

487 

0.92 

306 

(iori'n' 


Fig-4      Maximum  bending  mocnenC  (KUWr-3  P-1) 
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Fig>S     Masimun  «xlal  force  (KUUT-3  F-2)  h-0.1 
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Fig-6      Maximum  axial  force  (KUWT-3  P-9) 
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Fig-9     MaxiauB  rMpons*  accklcrtCion  (K(WT-3  P>2)  h"0.0 
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A  PROPOSAL  FOR  EAimiQ'UAlCB  RESISTANT  DESIGN  METHODS 

Klyeaht  MakanOf  Asalstant  OirsetOTf  Bolldiiig  Bwmzieb  institntVr 
Ministry  of  Ooostruetlon 
and 

Hasaraitsu  OhAshi,  Head,  Earthquake  Disaster  Prevention  Divisiont 
Public  ttorJw  Research  in«tltut«»  Ministry  of  Oonstrvtction 

JIBSmCT 

This  paper  describes  the  outline  of  a  Proposal  for  Earthquake  Hsslstant  Dasign  Msttaods, 
which  WM  ooqpletsd  Iv  the  Ministry  of  Construction  in  March,  1977. 

xnwOfBJSs   CottffleientB  la  aMlsnle  deslgni  design  Mstliodf  propoutA  earthqpuka  resistant 
design  Mthodt  selssde  hasaxd  longlng  asp. 
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1.  nrnwoocMOii 


A  Proposal  for  Earthquake  Resistant  Design  Methods  owes  a  great  deal  to  the  results 
of  the  investigations  of  a  major  ministrial  project  on  new  technology  for  synthesized 
eaxthquaJce  resistant  design  in  the  Ministry  o£  Construction,  which  were  carried  out  from 
1972  tiaoagfh  1976.  Ihs  proposal  «lao  htA  «taarbwl  tim  nmlta  of  liwwtigations  by  uni- 
varaitlM,  pniblie  and  private  Uboimtaeiaa*  Iha  pwipoaa  of  tha  pxopoaal  la  to  •atabllah 
a  praetioal  and  sational  aartbqpiaha  raalatant  daslgn  aathod. 

2.  ooTum  oe  a  proposal  for  earihquake  rbsisiaht  design  itEmxts 

Daaagaa  of  tha  stnieturaa  eanaad  fey  tlM  Nligata  Bartbguake  (1964) ,  Tokadaioki  Bartb- 
qiialDS  (1960)  *  and  San  FeKnando  BaxtlMiiiaka  (1971)  atiwlated  to  i^pocovo  and  ratlonallae  the 
•a>rtliqu«k*  Malstant  dasign  nattaDds.    For  this  puzposs#  a  nsw  aajor  ainistxial  pxojaot  was 
oonduotad  f cob  1972  through  1976  and  a  Pxopoaal  for  Barthquaka  Hasistant  Daslgn  Matiiods 
ms  prssanted  by  the  Ministry  of  Oonstmction  in  March,  1977. 

This  project  consisted  of  6  themes  and  20  sub-themes  as  shown  in  Appendix  I. 

Tht!  proposal  has  been  divided  into  3  parts.     Tn  part  I,  a  fundamental  conception 
commonly  applied  to  bridges,   soil  structures,  underground  structures  and  buildings  is  pro- 
posed.    In  part  II,  practical  calcualtions  excluding  buildings  are  advanced  based  on  Part 
I.    Part  XZI  deals  with  the  caleolatlon  onthods  for  buildings. 

tha  contents  of  the  proposal  are  shown  in  Appendix  II.  She  proposal  !■  cBiyilod  accocd- 
iog  to  the  following  principles  t 

<1)   Standardlsatimi  of  Fundamental  Oonception 

Bach  •arthquaka  saalstant  design  netbod  has  its  own  baclcground.    It  has  Inpvovod  fay 
itself  fey  stu^ir^        daaagee  of  structures  cansed  by  past  earthguAkas,  analysing  the 

earthquake  ground  motions  which  were  obtained  fey  the  strong  motion  observation  network, 

and  investigating  the  characteristics  of  structures  and  their  members.     Consequently,  the 
design  methods  have  been  diversified  in  accordance  with  the  uses  and  types  of  each  structure* 

In  the  project,  existing  earthquake  resistant  design  methods  were  reviewed  and  a 
fundamental  conception  for  designing  bridges,  soil  structures,  underground  structures  and 
bei Idinge  was  proposed. 

(2)  Clarification  of  Deaign  frooadnre 

until  recently,  the  earttiguafce  resistant  design  has  bsen  apt  to  coneentxate  on  tlie 
oalenlaitiaB  nethods.   Tbm  fnndanental  design  pjcooedure  has  not  satisfactorily  bean  clarified* 
na  pcopoaal  elarifiaa  the  ftindanental  design  j^rooedure  oonsidering  diaraotariatiea  of 
earthgitMilte  ground  motion,  seiemio  perfonanee,  end  eafety. 

(3)  Systematisation  of  Design  Procedure 

Earthquake  resistant  design  is  required  to  follow  a  proper  procedure  in  aoooxdanoe  with 
the  characteristics  of  subgrounds  and  structures. 

The  proposal  presents  a  fundamental  conception  for  the  earthquake  resistant  design  in 
order  to  Indicate  correct  procedures  to  follow. 
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3.     PART  I,  FUNDAMENTAL  CX7NCEPTI0N 


3.1  Fondansntal  Oonofliption  of  Aselanlo  Design 

2ft  thi  MTtliqiudw  resistant  design*  foUowing  it«Mi  afaouM  be  oomsideiredi 

(1)  Cbaeacteristies  of  stxuctures 

(2)  uses  of  structures 

(3)  Types  of  structures 

(4)  Scales  of  structures 

(5)  Circumstances  of  structures 

(6)  Damages  of  structures  and  surrouxtding  grounds  caused  by  past  earthquakes. 

Fig.  3.1  shows  a  fundamental  procedure  of  aseismic  design,    in  the  procedure,  the  process 
to  Gsloolate  selsnio  force  at  esrtliqaake  sesponse  is  elesslfied  into  4  aethode  es  belovi 

(1)  SeisHde  eoeffieient  aethod 

(2)  Msdlfled  seinde  eoeffieient  netted 
O)    SelflBio  defonatiati  nethod 

(4)    OynanlG  snnlysls  mttaod 

9te  Method  to  be  sslected  enong  these  is  detemined  bgr  oonsidering  the  characteristics 

of  structures. 

3.2  Standard  Seismic  Loadings  for  Aseismic  Design 

Seismic  zoning  is  presented  herein  in  order  to  indicate  the  characteristics  of  earth- 
quake ground  motion  at  each  site.    The  occurrence  of  past  earthquakes,  the  records  of 
strong-motion  earthquakes  and  the  earthquake  activities  in  relatively  wide  areets  were  taken 
into  aocoant  in  As  sonlng. 

Vo  detsEnine  the  Intmsity  of  earthviake  gioand  notion  at  a  certain  site*  the  seiandc 
sonlng  as  statsd  above  and  the  ehaxaeteristies  of  ground  aihoald  be  taken  into  consideration. 

Seiwlc  loadings  for  aselMlc  design  is  evaluated  by  the  coef f ieisnts  oonoetnlng  the 
selsnlc  sonlng  and  the  charecterlsties  of  grounds  aooording  to  the  particular  nethod  of  earth- 
quake resistant  design. 

3.3  Ground  Examinations  and  spiwnic  Perfomemce  of  Grounds 

Investigating  the  documents  aijout  the  damages  of  grounds  caused  by  past  earthquakes  is 
important  in  the  earthquake  resistant  design  of  structures.     If  it  is  necessary,  the 
characteristics  o£  grounds  and  soils  at  the  construction  site  should  be  examined.  Seismic 
loadings  are  detMaalned  eonsidering  tlie  remits  of  InvestlgatiDns  and  nsninattona  Stated 

She  proposal  presents  herein  soil  and  ground  eKanlnatining  and  stability  of  grounds.  It 
also  qrstsnatisss  ths  nsttaodology  for  wniml  nation  and  oonflnation  regarding  the  st^dbillty 
of  grounds. 

3.4  Seisnic  Perfennanoe  of  Structural  Itanbers 

The  proposal  has  aimed  at  systematizing  the  methodology  to  evaluate  and  promote  the 
seismic  performance  of  structural  members  in  reinforced  concrete,  steel  and  reinforced 
concrete  canposite,  prestrassed  concrete,  steel  and  other  structures. 
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4.    PMCP  II  BMtXBQOMS  RBSISTMIT  PBSTGIt  OF  CIVIL  BWSUIBBMIIIG  SimCTURBS 


4.1  General 

Current  seismic  design  specifications  for  construction  excluding  buildings  have  been 
formulated  on  the  basis  of  experiences  gained  through  earthquake  damage  in  the  past  and 

lavMti9BtioM  on  Miemlo  dasign  erltaria.   The  MinLe  design  erltsrin  intcodoond  in  tJiln 
dbaptmt         ttctabllahad  bsattd  on  Htm  fundoiMntal  ooneoptionB  proaantad  in  tha  sxavioua 
chaptee  (Part  I)  in  diffarenoe  to  tlio  currant  aeianie  daaign  ^pecifioatlona.    In  tha  eaaa 
^  designing  qpacial  tjpes  of  atruetarttf  It  is  raoonmendad  to  naka  uaa  of  thia  aaalamlo 
design  qpaclfieatlon  seloctivaly  acoOEdiog  to  the  strtictoral  praparties  oonsidarad. 

4.2  OoafflclaDts  In  AaaiSKic  Design 

In  the  case  of  estimating  the  seismic  loadings  specified  in  Part  I,  the  coefficients 
In  aseiemic  design  shall  not  be  lower  than  the  values  allowed  in  tbe  following  provislOM. 
4.2*1  Design  Coefficients  in  the  Seismic  Coefficient  Method 

The  horizontal  design  seismic  coefficient  can  be  determined       the  following  formula t 

(1)    Ihe  standard  horlsontal  design  selsnie  coefficient      can  be  taken  es  0.2. 


(2)    SalMlc  sons  factor      is  shown  in  table  4.1  by  referring  to  tbe  selsaile  aonlng 
displayed  In  rig.  4.1. 


(3)  C^onnd  condition  factor      Is  shonn  in  Table  4.2. 

(4)  A  faotor  A^  dependent  on  other  oondltlons  can  be  determined  through  considerations 
on  uses  and  types  of  structures.    The  structural  type  factor  is  shown  in  Table  4.3. 

4.2.2  Design  Coefficients  in  the  Modified  Seismic  Coefficient  Method 

The  horizontal  design  seismic  coefficient  can  be  determined  by  the  following  formula t 

K=A  'A  'u  •  ii  '  L  'K  (4.2) 
'll       1       2       4        5       6       O  *  ' 

(1)   The  standard  horlsontal  design  selsaic  coefficient  k^,  seisBic  aonlng  factor  A^^* 
and  ground  condition  factor  A^  can  be  the  sane  values  eaployed  In  the  selsnlc 
coefficient  natbod. 

<2)    K  factor  A^  dependant  on  tha  response  eharaetaristies  of  straetaraa  Is  preamtad 

for  four  groups  of  ground  oondltlons  in  Pig.  4.2.    in  the  case  when  natural  period 

is  smaller  them  0.5  seconds,  a  factor  A.  can  be  taken  as  1.0. 

4 

(3)  A  factor  dependent  on  structural  characteristics  can  be  taken  as  1.0  in  the 
case  when  the  allowable:  stress  design  procedure  is  to  be  applied.  However,  in 
the  case  when  the  ultimate  strengths  of  structure  are  to  be  checked  in  design, 

a  factor  A^  can  be  properly  detemtned  in  aooordanee  with  the  ductilities  sjveeted 


(4)   A  factor  A^  dependent  on  other  oondltlons  can  be  properly  detemlned  through  con* 


tn  plastic  sons  of  structural 
A  factor  A^  dependent  on  othei 
sidsratlons  on  uses  and  types  of  stxuetnres  and  so  on.    Nhen  It  is  considered  not 
aeeei 

1.0. 


necessary  to  pay  facial  attentions  to  these  Batters,  a  factor  A^  can  be  taken  as 
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4.3    Principal  Features  of  Aselsmic  Design  Criten.j 

4.3.1  Development  o£  New  Seismic  Zoning  Hap  and  Intensity  of  Design  Earthquake  Motions 
VIm  Mlnle  adning  maps  and  infeaiwltiaB  of  dMi«tt  «azthquake  aabiaott  agppliafl  In  thtt 

enrzwit  aalnio  dMign  apeelficmtions  are  not  MMsaaxlly  unifbn.    There  are  cllght 
<lif£«rMieM  maug  tlUMM  ■eecNedlmg  to  the  typos  of  atxuetim  canatdoroa*    It  Iwa  beaoif  tharo- 
fiDre«  raqueated  to  eat^blirti  a  onlflad  aelanio  abnlng  nwp. 

m  tba  pKopoaal,  a  luiifiod  aoiodfl  aoDiug  map  ^eplloablo  for  all  Qipaa  of  atrootoro 

4.3.2  DevelopMnt  of  New  Aaelsmic  Design  Criteria  for  Foundations 

It  has  been  pointed  out  that  the  design  criteria  employed  in  the  current  seismic  doalgn 
of  foundations  are  not  necessarily  uniform  since  they  have  been  fonnulated  sepeurately. 

In  the  proposal,  a  unified  criteria  for  aseismic  design  of  spread  foundations,  caisson 
foundations,  pile  group  foundations,  steel-walled-pipe  pile  foundations,  and  multi-column 
foundations  are  presented. 

4*3.3        DavoXoBnant  of  Haw  MlMds  Daalgn  oritarla  for  Rainfaroad  Gonorata  and  Staal 
Stmctoroa 

■valuation  avrnttam  of  dnotllltlaa  are  graaantad  tor  rolnforoed  oonerete  atruetoraa. 
tto  roaulta  of  Invoatigaitlan  oonoamlng  the  baokllng  af facts  on  aelaodo  atabllity  axo 
Intxodnead  into  tha  daalgn  of  thin  nallad  ataal  atmotoraa. 
4*3.4        Development  of  New  Seismic  Design  Criteria  for  Soil  Structures 

The  basic  principles  for  aseismic  design  criteria  of  soil  structures  are  presented.  Mk 
empirical  seismic  design  criterion,  in  which  a  seismic  design  calculation  can  be  omitted 
as  long  as  the  structure  has  standard  shape,  material,  size  and  construction  procedure, 
is  also  presented. 

Technical  means  to  improve  soft  subsurface  soil  layers  are  presented. 

4.3.5  Davalflpnant  of  Mav  Selanic  Design  Criteria  for  tindergzound  Struetures 

file  aelMle  design  criteria  ftnr  laportant  underground  strueturee  such  as  water*  gae« 
eleetrlci^  and  m— imlentlen  faellitlesr  idildi  are  often  called  as  life  liaea  eystaHSf 
are  preeented  as  veil  as  the  aelMde  design  criteria  for  petroLeun  pipe  lines  and  snbaargad 

4.3.6  Developstent  of  New  Criteria  for  BiBtCiratlen  Systems  of  Existing  Structurea 
Evaluation  systems  of  seismic  perfonaaM  and  reatoratioii  systena  of  eKisting 

structures  are  presented. 

4.3.7  Improvements  of  Design  Details 

Design  details  are  presented  so  that  detailed  devices,  which  help  xmprove  seismic 
perfbzMnee  of  strvetores#  are  adaqpiately  provided. 

5.    VMT  III  BDILDXMe  OOMSTRDCnON 

5.1  Introduction 

In  this  part,  an  aaeinlo  design  netbod  for  the  balMlng  strueturss*  neo-structnral 
^sBsntSf  foundattons#  and  retaining  wslle  la  Intcodnoed. 
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OampKnA  with  tha  ninwitlaiial  dwign  amOoA,  the  pnipovad  natliod  is  toasaA  on  tlM  nost 
z^eant  zaMMCdi  in  a»ianology»  aarthqaaka  anglnaarlag  and  atroetvral  anglnaaring.   Ona  of  tha 
Important  dbaractaiclstica  of  thla  natbod  la  that  tba  apprgpriata  daaigo  pxoeadwa  can  be 

applied   according  to  the  structural  propertias  and  Vbm  ooeapaney  of  ^a  building. 
5.2    Characteristics  of  the  Proposed  Design  Msthed 

5.2.1  Design  Procedures  and  Steps 

This  aseismic  design  method  involves  six  design  procedures  and  each  procedure  has  two 
steps . 

One  or  oore  of  the  six  procedures  would  be  selected,  according  to  the  structural 
propavtlaa  and  tha  oeo\iy?ancy  of  tba  baiUlag,  natoriala.  noinla  zaaisting  systein,  height, 
ttsa  or  ooeqpaaey«  ate. 

Itaa  Btap  1  of  these  daaign  pcoeaduraa  ataould  aatiafy  tba  oondUtioa  tbat  Uka  raaponaa 
of  tba  atrootttral  aaaibavs  as  wall  aa  tba  non-atruotural  elaoanta  doa  to  f  raquant  aartbq^akaa 
riHMild  not  axoaad  tha  alaatle  rango  of  tba  ■atarlala  and  tha  daaages  oausad  afaould  ba  SBall 
mwaifii  that  tba  rapalr  would  be  acarcaly  raquired  due  to  auibb  aarthquaikiaB. 

The  step  2  which  follows  step  1  should  satisfy  the  condition  that  the  building 
structure  would  not  oollapaa  dua  to  the  staxiilun  poaaible  earthquakes  auch  as  Great  Kanto 

Earthquake  in  1923. 

The  schematic  chart  of  these  design  procedures  and  steps  are  set  forth  in  Table  5.1. 

5.2.2  Seismic  Force 

Vha  total  Intnral  aai«iio  fooraa  is  baaloally  detaxialnad  by  lAia  following  CmcmuIsi 

r  •  c  *  w  <5.l) 

whsza  C  Is  the  salaado  daslgn  coafflcient  given  by  fonmilas  (5.2a),  (5.2b),  (5.3a)  or 
(5*  3b)  f  and  W  is  tha  total  dead  load  of  tba  bnildiag  and  aifplieabla  portiona  of  other 
iQMla. 

The  seismic  design  ooafficient  for  step  1  shall  be  detemined  in  aecoedanoa  with  tha 
following  formula t 

Cj^  -  Z  •  Go(T).eCo  (5.2a) 

where  SS  is  tha  seisatio  hasard  aoning  factor  prescribed  in  section  5.2.3*  Qo(T}  is  the  soil 
pcoflle  spactruR  for  asproadnatlon  as  given  in  section  5.2.4,  T  is  the  fundamental  natural 
period  of  the  building  in  seconds,  and  eoo  ■  0.2  is  the  standard  base  shear  coefficient 
fior  step  1. 

In  the  procedure  I-A  or  I-B  in  Table  5.1  the  height  of  the  building  concerned  is  low 
and  the  value  of  T  is  small.    Accordingly,  Go(T)  la  con«ld«red  to  be  emstaat  and  1.0. 
Therefore,  fozmola  (5.3«)  is  reduced  to  (5.2b) 

Cj^  -  Z-eCo  (5.2b) 
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The  seismic  design  coefficient  for  step  2  shall  be  determined  in  accordance  with  either 
Of  tb*  fOllOWilig  SOKBOlMS 

-  S!OoCT)*x^>pco  (5.3a) 

-  2-G  (T)  *K2<pGo  (S.Sfe) 

Whara  Go(T)  la  the  soil  profile  spectrum  as  specified  in  section  5.2.4,  pCo  =  1.0  is  the 
standard  base  shear  coefficient  for  stegp  2,  and  K^^  and      are  the  etnietural  ooefficlentB 
as  given  in  section  5.2.5. 

5.2.3  Seismic  hazard  zoning  factor 

Sesimic  hazard  zoning  factor  Z  was  determined  by  the  seismicity  and  by  applying  the 
Uieory  of  extremes,  statistics  and  engineering  judgment.    The  values  of  z  are  given  in 
Fig.  5.1  Saiaodc  Hasard  Zoning  Mqp. 

5.2.4  Soil  Pxoflla  Sipaetnai 

The  effects  of  the  soil  profile  pcoiperties  and  tibe  naturnl  period  of  tbm  buiUiag 
are  eivreesed  as  the  eoil  profile  ipeotre  glvm  in  Fig.  S.2. 

One  of  these  spectre*  Go(T}#  is  for  HEproxiwatiow  and  the  other  four  O^^iT)  cmre^pond 
to  four  soil  profile  types. 

The  soil  profile  types  are  defined  as  followss 

Soil  profile  type  1  is  a  profile  with  rocks,  stiff  and  well  consolidated  sands,  etc. 
Soil  profile  type  2  is  a  profile  with  sands,  stiff  clays,  stiff  loams,  etc. 
Soil  profile  type  3  is  a  profile  which  would  not  belong  to  other  types. 
Soil  profile  type  4  is  a  profile  with  soft  clays,  loose  sands,  etc. 

5.2.5  Struotural  Ooeffieient 

It  is  a  well  knoMn  fact  tiiat  the  duotile  etruoture  could  afaeorb  more  energy 
than  the  brittle  stnietnze  end  it  ie  net  preetieal  to  design  the  building  to  be  caapletely 
elastic  when  subjected  to  «te  possible  oaxtliqnake  ■otlOB.    Aoaocdingly  the  etzui^ 

tural  ooef  f ieiants      and      are  ealeulated  and  thoy  muld  be  denoted  as  the  re^pooae 
modification  factors  which  depend  on  the  energy  absorption  capacity  of  the  building  during 
the  earthquakes.    The  values  of  these  factors  are  given  in  Table  5.2,  according  to  the 
structural  materials  and  system,  and  ductility  level.         would  be  used  In  procedure  II-A 
and  procedure  II-B,  III-A  and  III-B,  as  sho%m  in  Table  5.1. 

5.2.6  Seismic  Hazard  £xpo8ure  Factor 

Aeoording  to  the  use  or  the  charaofeer  of  the  occupancy  of  the  building,  the  appropriate 
design  pcooedure  cttiuld  be  elected  ok  the  eeinlo  haserd  ai^oBuzie  factor  oould  be  adopted  for 
use  in  stflip  1  or  2.   the  value  of  tbe  factor  is  not  apeoifiod  in  this  aetfaodf  because  the 
reliaiile  theory  to  detemine  the  value  is  not  developed  yet.    But  it  can  be  suggested  that 
the  probebili^  of  failurof  the  diipersion  of  the  seismic  resistant  capacity  as  veil  as  the 
dispersion  of  the  selsnio  foroop  social  utilities  and  the  aociiptafale  level  of  hman  riidc 
Should  be  studied  to  detemine  the  value  of  the  seiasde  hasard  tavoman  ftetor* 
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5.3  Oonclttding  llwwrk» 

9bB  pzopoMA  assIhrIg  flTjt^n  xsttwd  ****  bMn  foiiiirt<il  on  Um  psinolplis  tlwfe  ■tfcs 
FOMlbl*  tto  afpllcatlan  of  omt  thsozy  and  resMUPob  as  mil  mm  tha  vm  of  nmt  watmtiMlm  and 

new  structural  sysatems.    If  one  of  the  six  daalgn  pvooadiiraa  would  be  selected  properly, 
the  building  designed  might  be  safe  enough  for  ttia  wt^bqfUlkM  nAth  *  ViAlam  da«lgn  effort 
and  a  mlnimmn  volume  of  structural  materials. 

But,  the  details  of  the  design  method  night  not  be  complete  yet,  therefore,  the  follow- 
ing studies  would  be  necessary  In  the  near  future: 
1)      re-examination  of  vttrious  peurameters 
ii)     ease  vtoijr       «if  fatant  types  of  baiMiaga 
111)  alvplif ioatioB  of  tha  sotted  fte  praetioal  oao 

(SimUMBNf) 

Zn  Part  IZ*  tlia  aoUaiie  daaipt  ooafflelant  la  denotod  aa  the  fbUowlng  footnila* 

«H  ■  ^  •  ^  •  ^3  •  *o 
This  foxanila  corresponds  to  the  following  formula  in  Part  III. 

-  S*«o(T)*aOo 

or 

-  s>aOo 

Jlnd  the  foUowing  GocrasvoDdeiicaa  would  be  glvani 


«B-Cl 

fij  -  Go(T) 

"  seismic  hazard  exposure  factor 
Kj,-aOo 

Sha  aodifled  aaiaalo  daaign  ooaffidant  in  Bart  II  is  denoted  aa  the  folloidiig  fozanla* 
za  Mxt  zzzt 

"  Z*G0(T) -Kj^-pCo 
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tuira,  w«  hav«: 


•      -  00  (T)  or  Gjtt) 

-  K,  or 
5       1  2 

A^  ■  mImIc  hasard  tangawe*  factor 
K^-POO 


WPBDXZ  X  -  Themes  of  Roaoaxcfli  PBojoot  on  Mev  Crltorla  for  Barthqoaka  Maaiatant  Caaign 

of  Structures 
Z    Kesearch  on  Earthquake  Ground  Motions 

I,      Characteristics  of  Earthquake  Ground  Motions  on  Basarock 

1)  Seismic  Records  obtained 

2)  Source  Mechanism  and  Propagation  o£  Solanlo  Hbvm 

3)  Bartikviako  tiroond  Motioos  on  Varioua  Subaolla 

4)  Bartliqpiaka  Ground  Motions  of  Laog  Pnrlod  OcMvooonto 
3.     Bwaltiation  of  Standard  Seianie  Iivuta  Depending  on  Stfeoolls 

1}     Staadazd  Oaaign  Salvia  laputa 
XX   saaaarah  on  ogaamLe  Propvtlaa  of  soUa 

1*     Failure  Mechanisn  and  Strangth  of  Soila 

1)  Behavior  of  lioose  Sands  and  Soft  Cliqmr  Sollo 

2)  Dynamic  strength  of  Soils 
31      Seismic  Daina  ip  to  Enih ^Mkments  and  Slopes 

III    Dynamic  Properties  and  Dynamic  Strength  of  Structural  Members 

1.  Dynamic  Stxangth  of  Stxuetiiral  Naabara 

1)  Plaatle  PzopaKties  of  Izldga  Plara 

2)  DynsBio  Bahafvior  of  Bridge  Plara 

3)  Dynaiie  Strength  of  Building 
1}     Aalnforoed  Oonorete  Oolu 
2>     ftalmforcod  Oonorete  Malla 
3)      Steel  Reinforced  Concrete  Golv 

2.  Dynamic  strength  of  Structural  Joints 

1)  Dynamic  Strength  of  Structural  Joints  for  Prefabricated  Boildinga 

2)  Dynas'.ic  Strength  of  Steel  Structural  Joints 

3}      Dynamic  Strength  of  Structural  Joints  for  Prestressed  Concrete  Buildings 
and  Steel  Kelnforoed  Concrete  Strvotorea 

4)  pyniale  Strangth  of  Struetvsal  Jelnta  of  BainSozead  StructaBaa 

XV  Beaearoh  on  Vltentlooal  cbaracterlatiea  and  Barthqoake  Mavonae  Bnalyaea  of  strttotores 
1.     EyiMudo  Xntoraotlons  of  soila  and  struotucea 

1)     SobIbIc  MBMuraamta  at  Stcuetoras  and  SHrroqndiag  soUe 

1)  Bridges 

2)  Bnlldiaga 
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2)     oynavic  Aii«ly«a«  of  Soil-Boltding 
'  *    3)     Dynaale  Intaractiona  of  Soil-Brldgis  gountotton  SgBtmm 
2.     Failortt  itocihaniaB  of  Struoturaa 

1)      Failure  Mechanism  of  Nooden  Building  Structures 
V    Estahl i<^hment  of  Criteria  on  Earthquake  Resistant  Design  of  StructucttB 

1.  Establishment  of  Nev  Criteria  on  Earthquake  Resistant  Design 

1)  Civil  Engineering  Str\u:ture« 

2)  Building  Structures 

2.  Establishment  of  Mew  Earthquake  Resistant  Design  of  Various  Structures 
1)     Brtabltslwwut  of  PK«f«brio«tad  BolUUng  StnHsture 

2>     Batablidnrnt  of  Buried  Pipes 

3)  BstablisliBwnt  of  Han-Stnetursl  Masfbocs 

vz  Rssesxeh  on  oounteMtsssaees  ikigsinst  sartinqpialce  Disaster 

1.  ProGodnres  for  Assessing  BsrthqMaks  Resistanoo  for  Bxistiitg  Stroeturss 

1)     Criteria  on  Bwaluating  BartltviaJce  Resistance  of  Iteinforeed  Oonerete  Buildings 

2.  Rehabilitations  of  Existing  Structures 

1)      Strength  and  Deformation  of  Structural  Meinbers  for  Reinfoxoed  Ooncxete 
Buildings  and  steel  Reinforced  Concrete  Buildings 

3.  Establishments  of  Procedures  for  Preventing  Earthquake  Disaster 
1)     Development  of  Procedures  for  Predicting  Seismic  Risk 

ItPPmoiX  II  -  Oontsnts  of  «  ProipoMl  for  Baxttiviaks  Mssistant  Dssign  Methods 

Introdttotoiy  flMBaxfts 

Part  I.    FundiMntal  Oonovtion 

1.  Scope 

2.  Definition  of  Terms 

3.  Fundamental  Conception  of  Aselsmic  Design 
3-1.    Fundamental  Procedure  of  Aseismic  Design 

3>2.   Nsthods  of  Calculation  for  AsoisRlo  Design 
3-2-1.  Classifieation 
3-2-2.  Saloction 

3-  2-3.  Pzsoaution 

3-  3.  Safoty 

4.  Standard  Seismic  Loadings  ftor  Asaiasde  Design 

4-  1.    Past  E«urthq[uakes 

4-2.    Engineering  Characteristics  of  Earthquake  Ground  Motions 

4-  2-1.    Characteristics  of  Earthquake  Ground  Motions 

4-2-2.    Sci-ssiic  Zoning 

4-2-3.   intanalty  ^  Birttiattafca  Qround  Motlom  9t  Oonstrostlon  Site 
4-3.  .  Design  Saisaio  loadings 
4-3-1.   deneral  Mswucke 

4-3-2.    Design  Oooffioisnts  in  ths  Sslsnic  Oooffioiant  Maldiod 

4-3-3.   Dssign  Oooffioisnts  in  tbs  Modified  SeisMlc  Coefficient  Method 
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4-3-4.   Ovslgn  Oa^ffloiuts  In  tha  Mlmle  MfbofttioD  Matliod 

4-  3-5.    8«inic  hoaOm  in  th*  Dyaaaio  JUialyais  Itotbod 

5.  lareiiind  BaMdMtioiw  and  selMle  vwrftwMme*  of  <SBOiind« 

5-1.  General 

5-2.    Soil  Examinations 

5-  2-1.     General  Remarks 

5-2-2.    Examinations  for  Dynamic  Properties  of  Soils 
5-3.    Groond  Esaminationa 

S-3-1.   Omeral  HmmwIw 

S-3"2.   BaBinationa  fbc  DynaBle  CiiaratttasiatlaB  of  Grouada 

9-3-3.   DfiMBde  Analyaia  of  aBonada 

5-3^4.   Bicaaliiatlona  toe  Claaalflcatlon  of  Grounda 

5-  4.   StabHity  of  Orounaa  Ourtng  BartlivHkaa 

5-4-1.    General  Ramarks 

5-4-2.    Examinations  for  Stability  of  Sandy  Grounds 

5-  4-3.     Examinations  for  Stability  o£  Clayey  Grounda 

6.  Seismic  Performance  of  Concrete  Members 

6-  1.    Properties  of  Concrete  and  Steel  Materials 

6-  1-1.  Concrete 
6-1-3.  Baiaforowianta 

6-2.   Saimle  VarfonMuea  of  MelnfOrGod  Concrete  Stcuotural  Ittabaca 

(BMeluOiag  Bnlldlngs) 

6-2-1.   Gaaaral  AeBaxka 

6-2-2.   FundHHRtala  for  Daalgn 

6-2-3.    Ultimate  Strength  and  Ductility 
6-3.    Seismic  Performance  of  Kalnforoed  Concrota  Struotural  Manbara  foe  Bnildinga 

6-3-1.     General  Resnarks 
6-3-2.    Fimdamentals  for  Design 
6-3-3.    Ultimate  Strength  and  Ductility 
6-4*    Gelanlo  PerCozmmice  of  Steal  and  aaiBfoBead  Oonento  dtniotima  Mtiare  far 
Bnlldlaga 

fr-4-1.   Ganeral  MMUcka 

6-4-2.   VundaiMntBla  for  Daalgn 

6-4-3.    Dltiaata  Straogth  and  Dustlli^ 

6-  5.   Saiaaio  Barfomanea  of  noatxaaaad  oonerata  structural  mniian  toe  Bidldlnga 

6-5-1.    General  Remarks 

6-5-2.    Fundamentals  for  Design 

6-  5-3.     Ultimate  Strength  and  Ductility 

7.  Seismic  Performance  of  Steel  Monbers 

7-  1.    Properties  of  Steel  Materials 

7-2.    dolMdo  Fwioawnoa  &t  Steal  itraetural  mabaxa  (Bulodlag  Buildinga) 

7-  2-1.   Ganaral  Maarka 
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7>2-2,   rnni1n>nti1«  far  Daalfpi 

7-2-3.    VlUiHite  Strwigth  waA  DnetiU^ 

7-  3.   SalMdc  fwfbcmiiM  of  StMl  Stxuctunl  Umtom  for  BuUdings 

7-3-1.    GaiMsal  BHiarks 

7-3-2.    Pundanentals  for  Design 

7-  3-3.    Ultimate  Strength  and  Ductility 
8.     Seismic  Perfoxnance  of  Other  Members 

8-  1 .  General 

8-2.    Seiamic  Parfoxaaiio*  of  Noodan  Strnctural  Mnihara  for  Oedlaaxy  Mbodan  HOusu 

8-  2-1.    Gwmal  RMurka 

8-2-2*  Dltiottto  Stxangtii  and  Duetill^ 
8-3.    Salable  Parfoxtianea  of  Nan-Stmatuval  Maalbaira  for  Biilldlaga 

8-3-1*   eanaoral  KmrntHm 

8-3-2.   FundNMntal*  for  Maign 

8-3-3*  nitiaato  Steangtii  and  Dootility 
8-4.    Saiaale  Varfanaaaea  of  QndarSKoiiiid  Pipas 

Part  II.    Barthgiaka  Aaalatant  Daalgn  of  civil  SuglnMring  Stxweturaa 

1.  Ganeral 

1-1.   Gaoaral  Baaarlta 

1-2.   vaaga  and  ClMoifications  of  strvctnraa  in  imtimi/o  Daalgn 
1-3.   Ooaffloiants  in  Aaaiaaio  Daalgn 
1-3-1*  Ovtllne 

1-^-2.    Design  Coefficients  in  the  Seismic  Coefficient  Method 

i-3-3.    Design  Coefficients  in  the  Modified  Seismic  Coefficient  Mathod 

1-3-4.     Design  Coefficients  in  th  Seismic  Deformation  Method 

1-  3-5.    Seismic  Loads  in  the  Dynamic  Analysis  Method 

1-  4.    Effects  of  Earthquakes  During  Construction 

2.  Aaaiaaio  Design  of  POoadntioiia 

2-  1.   General  Renarfca 

2-2.   Effects  of  Bartbgoakes 

^3.   Voindation  Growda  and  AUswable  Bearing  Poroee 

2-  4.   NatliodB  of  Calculation  of  Streas*  Dieplacaawnta  and  Stablli^ 

3-4-1.  OntliiM 

2-  4-2.    Spread  Foundationa 
2-4-3.    Caisson  Foundations 
2-4-4.     Pile  Group  Foundations 

2-4-5.    Steel  Walled  pipe  Pile  Foundations 
2-4-6.    Molti-Column  Foundations 

3.  Aaeianio  Design  of  Oonorete  and  Steel  Structnres 

3- 2.    Effects  of  Sarthquakes 

3-3.    Matlioda  of  Caleniation  of  Stress  snd  DisplaoaMut 
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3-3>l,   Brldgm  (Jteiofocevd  OoMoratA  Plas  and  MhMmMem} 
I  3-3-2.  Bridgas  (atMl  Fi«r«) 

3-3-3.   ooner«t«  imm  (Gravil^,  BoUcnr  Gravity  and  ArcAi  INuu) 

3-  3-4.  nnka 

j  3-3-5.  Ottea 

(  4.     *aalawliO  Daalgn  of  Soil  Btroeturaa 

4-1.    Effects  of  BarthquiOces 

4-2.    Methods  of  Calculation  for  Stability 

4-  2-1.  Outline 

4-2-2.     Fill-Type  Structures 
4-2-3.    Artificial  Island 
4-2-4.    Artificial  Ground 

4-  2-5.   Cutting  Slopa 
4-3.    nvcovanant  of  Groand 

4-  4.  Safety 

5.  A— iswic  Daaign  of  Ubdacgzoand  Btcuetiina 

5-  1.    Bffaeta  of  Barthviakaa 

S-2.    Stabllltar  of  Sazroondlng  Oreund 

5-3.   Mathoda  of  Calculation  of  Streaa  and  OlagplaeflBwiit 

5-  3-1.  Outline 

5-3-2.    Underground  Pipes 

5-3-3.    Sutanerged  Tunnels  and  Connon  Ducts 

5-  4.  Safety 

6.  SalBio  Torfomanoa  of  Bdating  Stxaetoraa 

6-  1.    SrataB  for  Bvaluatlng  Salanlo  FarfocBanoa 

6-  2.   sjrstoai  foir  Batcofittiog  Bxlatlng  Stzuctores 

7.  Daalgn  Dataila 

7-  1.  FOqndatlona 

7-3.   SollMitxucturaa  and  Darrloea  for  Proven  ting  the  rail  of  Svpegetruoteree 

7-3-1.    Reinforced  Concrete  Piers  and  Abutments 
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Table  k.l      Seismic  Zone  Factor  ^| 


Zone 

Value  of 

A 

1.0 

B 

C 

0.7 

Table  H.8    Ground  Condition  Vtetor 


Definitions" 

■' 

Vnloe  of 

1 

(1)  Ground  of  tbe  Tertiary  era 
or  older  vuxumA  es 
bedrock  hereafter) 

(2)  Diluvial  layer  ^with 
depth  less  than  10  meters 
above  bedrock 

0.9 

2 

(1)  Diluvial  layer  ^-"with 
depth  greater  than  10 

meters  above  bedrock 

(2)  Alluvial  L^rer-'^vlth 
depth  lesa  than  10 
neters  above  bedrock 

1.0 

3 

Alluvial  layer ^^vith  depth  less 
than  23  meters,  which  has  soft 
layer '^''witta  depth  leas  than  $ 
aeters 

1.1 

U          Other  tliaa  the  alioive 

1.2 

(lotea) 

1}   Since  theae  deflnltiona  are  not  Tiary  eoniprehenelvea  the 

classification  of  ground  conditions  shall  be  made  with 
adequate  conslderatioa  of  tbe  brld^  site. 
Depth  of  layer  indicated  here  ahall  he  Beaaured  from  the 
actual  ground  aurfape. 

2)  Diluvial  layer  inpllea  a  denae  alluvial  layer  aueh  aB.A 
dense  sandy  layer,  gravel  layer«  or  cobble  layer.  . 

3)  Allunrial  layer  iaipllea  a  nev  aedinantaiT  layer  nde  hy  a  landallde. 
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^>  3     Structural  Vfpti  Fktetor 


Defiaitlotw 

Vslue  of 

Steel  Structures 

Concrete  Structures 

Steel  fielnforeed  Concrete  Structures 

1.0 

Huge  Nasstve  Structures 
Soil  Structures 

0.5 

Ubim  i.x  eamic  wavm  oonmcun  mid  cosiai  nrmc  Aocomnc  m 


ECCPE 

BTV  1 

■nr  8 
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HOMin  NIU>IK6 

snucTUBAL  BBiai  ■nimaiB 

n* 

C2  •  z  :;<i(H.Ki.iiCo 
rijiF.TIc  Dr.h  :r.K  ^^-ni  /UTMXimR  NOOirtD  SUMC  OOB- 

mcicR  Am  trrtoimm  wtum  man  obm  camciti 

■M  Mat  amam 

OYMMC  Ilfi>t(i>  Mini  )IIC£M,  tMULXtM 

:iT-B 

sjrsi  itisu  RISE 
BUiLonas 

'i-<'>i;  I1ESII3  «ITH  MCOAl  AJIIU.YSIE 
TIMI  HlS7M)t  AJULISIS 

Cl 

■  8XJ8NIC  tSSMH 

z   :  snmtc  RAUiM)  uwun  rACMl 

Cmir]     MIL  Fnoriu:  SPKTWIM 
Oi(TJ  :  SOIL  PMriU  SWCWUH^^  ^ 


Kx  :  BnUCWUL  COCPFlCXVr  KM  J 

Ke  :  anoRURAL  ctomciBT 
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Ml*  5.2  KMMIB  RmSUMX.  OQVmi 


DUCTILITT  LEVEL 

A 

B 

0 

RmroRCED  COKCRETE  BUILDINGS 
PMflTIUUSD  COSCRKFB  BUIlDIIiCS 

«1 

O.k 

0.5 

0.6 

0.3 

0.1) 

0.5 

mansBn  mmivMfl 

Kl 

0.3 

O.k 

0.5 

0.3 

0.3 

o.k 

8HB  BPIUmB 

id 

0.3 

0.5 

0.6 

0.3 

0.1. 

0.S 

wm  ■mmMW 

o.a 

OUCTILITIf  LEVEL  A  t  DUCmS  BUIU)IW8 

DDcnuTT  tinb  B  I  mHBUB  nniiiiM 

BUCRUXt  UnL  C  t  KRU  IDIIinMB 
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Fig.  5.2   Soil  ProfU*  Spttcttm 
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ON  IHE  OBJECT  POSTULATE  FOR  EARTHQUAKE-BESISXAMT  CODE 
Kiyoshi  Nakano,  Assistant  Director 
Yuji  Ishiyana,  Chief  Research  Engineer 
Yoriiltaagu  Aafci*  KmmxA  Aigiiwar 
r«B——  Wktaiiatef  Hit>MPoh  bglaMr 
Build  tog  MMtrsh  Ztwtit«it«r  Mtoictry  of  Oonatxaetloii 

ABSTRACT 

WHit  th*  object  of  til*  Mrt]i«i»lG«-r<Ml«««nt  coda  abonU  bo  and  lia#  to  dof too  tbo 
ebjoot  are  tho  oonoanM  of  tbo  objoot  pootuloto*   stoeo  tbo  aolMnia  ftaceos  and  tba  aartfa- 
^iMlE*^*«i«ta»t  OMpoeil^r  of  tbo  bnlldtogs  bMO  cortato  dUpaniouif  it  to  naeoaaasr  to 
totcodme*  tbo  eene^t  of  tto  xoltobility  to  dofto*  tli*  eib^oot  poatnU^to.  ibto  «*port  daala 

with  taaaaroh  on  1)  di^paraionB,  2)  relation  between  the  earthquake-resistant  capacity  and 
the  construction  cost,  3)  acceptable  level  of  human  risk,  and  4)  principle  of  social 
utility  to  optimize  the  iraportanca  factor,  to  ordar  to  dafina  tba  object  poatotota  for 
the  eaxtbquake-reaistant  code. 

RnmiDSt   AcciptaMa  laml  of  taunni  rtokt  oonatmetlon  costs t  aarthgaalw  xoaiatant  oodai 
anpafttad  aaiaaie  fsxeai  objaet  poatnlatoi  saliabilitar  tiiaeayi  aoeial  utility. 
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1.  zntr(»xk;txon 


any  dMign  jixaetM  ia  ioiplloitly  os  aivlloltly  eonatxiwtiBd  en  «  dABlgn  lyvtM  iriildi  is 

soatetlmes  called  a  design  code.    It  was  shown  by  Mlels  C.  Llnd  (1)  that  prerant  BtructttZal 
design  codes  could  well  be  understood  by  searching  for  basic  eight  principles  or  postulaitM. 
In  his  earlier  paper,  Kiyoshi  Nakano  (2)  proposed  an  in^wrtant  postulate  ooocexned  with  tiM 
probability  of  the  death  of  occupants  caused  by  the  failure  of  structures. 

The  authors  propose  soi&e  postulates  in  addition  to  the  above  postulates,  and  classify 
the  postulatest  and  examine  tbelr  nlatlons  to  •troetural  csedM.    Furthermore,  the  object 
poatulata*  on*  of  tha  womt  iaiportant  portttlt— i  Is  oonsldax^d  axtanalvely. 


2.    CUSSIFICKTIOII  CV  tfilttlUgUltM.  OBSm  nBTULM 

Vbm  following  eight  postiilataa  vliich  are  inolvdad  la  avperaX  daaign  oodas  iiara  alwtm 
tV  Mala  C.  Had. 

1)  Load  poatolata 

2)  straaigtfa  poatulata 

3)  Daaign  mathod  (poatulata) 

4)  Vrtnolfl*  e£  ooostant  reliability 

5)  Foatulat*  of  data  auf  f  IciMa^ 

6)  ISO  format 

7)  Cornell's  format 

8)  Linearized  factor  format 

The  authors  proposed  the  following  postulates  in  addition  to  tha  above  postulates  (2,3), 
9}     sartliiiaAia  load  poatulate  proposed  in  UJ  dcaft  (4) 

(a)  p^<Hi, 
r 

-  125  ' 

1 

E  6 

r  1 

(c)    r"l     ^  jgg'   r  i  ■  nuDbar  of  stories, 
S  B 


«  duetlllty  fiaetor  of  tha  r^-tii  atery, 

-  pandaaabla  doctUlt?  factor  tdiidi  la  f Ixad  In  aooordanee  with  tha  kind  of 


•tEaetama  <sadi  ma  steel  structurm,  relnforoad  ooaerata  atroeturaa,  ata.) , 

importance  factor  which  is  fixed  in  accordanoa  with  tha  ot 

and  with  the  structural  importance  of  structural,  members, 
inter-story  deformation 
elasto-plastic  response. 


B  importance  factor  which  is  fixed  in  accordanoa  with  tha  eoeqpaaey  of 

6^  "  inter-story  deformation  (inter  story  drift)  oC  the  r-th  story,  which  i«  caused  by 


V-103 


Digiiized  by  Google 


•  Story  height  of  the  r-th  story. 


10)    llta  postulate  for  optlaizing  nonetary  expanaaa 

dL 


-  0,  (2-1) 


I.    -  1  +  pF,  (2-2) 
L    -  expected  value  of  losses 
I  -  initUl 

p  >  vntatoility  of  f)d.luM» 

r  »  loMas  emusad  by  the  failure  -  cSt  (2-3) 
n  •  (I  .  Aq)/^  t2>4) 

•  oantral  safaty  Caofear  ■  <lt*/S*)» 
K*  •  a^paeted  valua  of  xaalatanoa* 

S*  -  ej^tected  valua  Of  load  affaet, 

A^,       "  constants  correaponding  to  tlia  kind  of  atructuraa. 

11)  Starr's  postulate  (2,5), 

-  P  (R*  <.  S*)  £        •  ©  •  A,  (2-5) 

»» 

*  ^coibBbility  of  failura* 

y  >  atandwDd  daa^  rata  (daath  rata  par  ana  itow,  vnlt  ia  10  ) , 

-  pretebllity  of  tlia  daath  of  oeo^^ta  oanaad  fay  tha  failura  of  atmeturaat 
A  •  factor  y/bidki  ia  fijnd  in  aMocdance  with  occupanoiaa  (1.0  for  houalsgs  and  offloa 
buildings  which  are  iBdl^sBHjila  for  lifa,  1000  for  laaanra  faeilitiaa)* 

12)  Hikano'a  poatulate  (2), 

P£  £         ♦  0  (1  +  b  •  9)  'A,  (2-6) 

f 

b  ■  ooaff idant  of  danaity  (madiar  of  oecqpanta  par  unit  floor  araa)  , 
9  -  ooaff ieiant  of  avaenatieii  (oanataBt  f iand  In  aoeoEdSBeo  with  aaalnaaa  of  avaevatlon 
in  oaaa  of 


Iba  <vt>1  nation  of  tha  poatnlataa  ia  varloaa  daalga  oodaa  axa  ahotm  in  nbla  2-1. 
I,  na  liavB  attMtptad  a  claaaiflcatlon  of  tha  poatulataa  aa  afaoim  In  Mbla  2-2. 
«l»t  ia,  tiia  traditieaal  daaign  pcoeaaaaa  asa  9o««znod  fay  thraa  kinds  of  poatalataat  load 
atrangtfa  poatnlata,  ooavarlaon  poatalata,  and  objaet  postulata.   Ihs  objaet  peatalata  ia 

concamed  with  design  philosopliy  on  aocial  needs  for  atmotural  aafa^,  tharafora  Ha  tChall 
tha  object  postulata  aora  aatanaivaly. 
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3.    SUMBX  CM  WmTHOrngfr-HBSIflaiW  CMaClrT  MB)  XffS  DI8SSRSZ0II 


It  is  almost  impossible  to  measure  the  earthquake-resistant  capacity  of  each  building 
as  a  total  system.    Accordingly,  we  tried  to  evaluate  it  by  an  expert  survey  which  would 
make  use  of  the  intuition  of  the  experts  most  effectively.    About  two  hundred  eiqperts  from 
four  diffazwfc  fisUs  of  struotnEal  ngtn— ringi  1)  acmtziiotoirsf  3)  ■dRditlstratorv* 
3)  daaigaan  and  4}  rMMHUcdMn  ox  •ducHitors*  partleipatad  in  tills  ramgr.  From  tha  Msult 
of  this  nirvBy*  tlie  Mrtbqnakft-xMlataiit  capacity  and  Ita  dlaparslon  of  build  toga  ara  givan 
in  Fig.  3-1.    In  rig.  3-2,  tha  nait^itad  faetera  aza  aat  foztJi  dapanding  on  aavaa  aajer 
faotorai  1>  daaigaar,  2)  daalgn  coat,  3)  daaign  tan,  4)  conatroetair«  5)  oonatraetlan  ooat, 
6)  eonatnistloa  tam,  and  7}  aatacial. 

9xem  Fig.  3-1,  it  can  be  seen  that  the  cast  in  situ  reinidcoad  concrete  wall  buildinga, 
si^er  high  rise  steel  buildings  and  high  rise  steel  buildings  are  considered  to  have  good 
earthquake-rp'=:i«;tant  capacities.     On  the  contrary,  the  reinforced  concrete  block  buildinga, 
conventional  wooden  buildings  and  prefabricated  Vfooden  buildings  seem  to  have  rather 
snail  resistant  capacity  against  earthquakes. 

hm  to  the  dispecaiona  of  •arthquaJce-reaistant  oapaoi^,  tha  aviper  high  riaa  buildings, 
peaatxaaaad  aooexaita  buildiBga  and  jrafabrlcatad  B-ataal  zalnfinread  eeacEata  buildings  faava 
anall  varlanoa  and  tiha  valna  of  e.e.v.  (ooafficiant  of  vazianoa)  ia  abovt  0.25.    Tha  eaat 
in  aitn  xainfoccad  oonorata  baildlnga,  ootawantional  ifoodon  baildlnga  and  lov  riaa  ataal 
buildlaga  hatva  larga  varlanea  and  tha  valua  of  c.o.v.  la  about  0.45. 

VMBi  91g.  3-2  wa  can  aaaoM  that  anoog  aavan  najor  facrbora  ooooaxnlng  aarthquaka- 
resistant  capacity*  tha  lawal  of  tha  daaignar  and  tha  leval  of  tha  aonatmotor  are  tha  nost 
Influential  factors. 

From  the  result  of  this  survey,  it  was  also  found  that  the  administrators  and  the 
constructors  take  an  optimistic  view  of  earthquake  resistant  capacity  of  buildings,  and 
that  the  designers  and  the  researchers  or  educators  have  a  pessimistic  one. 

4*    niATXOII  BBUBBII  BMOnQOMtB-WSISVHNT  CaMCm  NHD  O0II8TIIOC9X0N  COST 

It  is  evident  that  the  construction  cost  of  the  building  would  be  influenced  by  the 
seismic  design  coefficient  irtiich  is  one  of  the  me^in  factors  controlling  the  earthquaka- 
raalatnnt  capacity,    in  thia  chapbar,  tlw  ralation  bateaaan  tha  aaianle  daalgn  oe«f£iei«Bt 
and  tha  construction  cost  is  dlscussad.   to  aoalysa  the  probleaif  the  fbUoNing  asauaptiona 
are  adopted. 

1)     Claatio  daalgn  with  saialo  daalgn  ooaffiolanta  and  allowable  stresses  ia  uaad. 
2>     Kha  caaga  of  aaianlo  daalgn  ooaffioiant  is  fron  0.2  to  1.0. 

3)  mo  eaaes  of  oonatroetlon  oost  ratio;  i)  columns  and  girders,  and  ii)  column,  girdMra, 
beaans  and  slabs,  are  considered.     The  construction  cost  of  foundatioUBt  Other  non~ 
structural  menbers  and  finishings  are  not  included  in  both  cases. 

4)  The  costs  of  colTmn^  and  girders  nxe  dependent  on  the  seismic  design  coeffiolentr 
but  the  beams  and  slabs  are  independent  of  it. 

5)  The  ooata  of  cdiana  and  girders  are  approximated  by  the  formula  propoaed  by  ttakagana 
(6). 
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6}      Two  structural  systems;   1)   steel  frame  buildings  and  11)  xalnforc«d  concrete  buildlngat 
are  considered.    The  numbers  of  stories  are  five  and  ten* 


Under  these  assumptions  the  cost  ratio  is  given  in  accordance  with  following  formula; 
Y  •  1  4>  R  (C  -  0.2)  (4-1) 


A.     f*    t     cost  by  selsBiic  design  coefficient  equale  C  > 
T     oosc  new  i  -  cost  by  aelndc  design  coefficient  equals  0.2^ 

R  ■  cost  coefficients  as  given  in  Table  4-1 
C  ■  seieaic  design  coefficient  (0.2  <,  c  ^  1.0) 

T«D  exBBples  of  Bq*  <4-l)  ue  idwini  In  FI9.  4-l>(l)  for  eteel  fraaa  bolldiage  and 
FI9.  4»l-(2)  for  reinforced  concrete  buiMtngg. 

5.  KXSPTW  Esm  or  miaa  kbk 

The  point  of  view  of  the  security  of  hunan  lives  aay  1m  considered  as  one  of  the  aost 

important  criteria  for  structural  design. 

In  the  domain  of  the  security  of  human  lives,  we  find  some  discussions  that  propose 
several  criteria;   such  as  those  of  David  E.  Allen,  of  H.  G.  Otway,  of  Starr,  of  K.  Nakano 
and  of  K.  Watanab«.    But  we  cannot  find  any  proposition  that  achieves  the  practical  level. 

We  dared  to  attempt  to  ovexoane  such  a  difficult  states  and  this  ritport  psqpesas  an 
aeoiptable  level  of  hunan  risk*  observing  the  fluctuations  In  the  evolution  of  the  ocdlnazy 
death  xste  and  aaaoaing  the  exlstsnoe  of  Insensible  range  of  the  f  luotoatlons  In  the  dsatii 
rate. 

1)  The  ssnse  of  averege  risk  level  Is  supposed  to  be  based  on  the  average  death  rate 

d  foe  a  period  of  several  years  which  preceed  the  point  of  time  for  this  sense.  This 
average  death  rate  may  be  considered  aa  the  basic  death  rate  for  the  sense  of  risk. 

2)  Taking  the  standard  deviation  cr^  In  the  evolution  of  death  rate  for  the  same  period 

a 

as  that  of  the  average  death  rate,  the  rate  of  fluctuation  of  death  rate  M  is 

obtained  as  Ad  ■  Cf,/d  . 

a 

3)  The  observation  through  a  sufficiently  long  term  of  the  rates  of  fluctuation,  each  of 
tAiloh  te  oelonelted  on  the  saM  period  of  tiasr  peznlts  to  siwuse  that  the  mte  of 
fluetuatlfln  Is  nearly  oonstsnt.    do  that  if  the  neaa  level  of  tiie  rates  of  fluotuntioBS 
J&  Is  obtained, 

Ad  •      ■  Constant. 

4)  Thus  the  inssnslUe  range  of  fluctuation  of  death  rate  a^^^^  is  suppossd  as  a^^^^  • 
Ad  •  d. 
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hs  for  the  acceptable  level  of  human  risk«  this  report  j>xoposes  the  acceptable  death 

rate  from  euthqueUce,  d  . 

sac 

It  wtj  ba  ootttidastd  tba.t  th«  avaraga  daath  rata  d  Inelndaa  a  part  of  tdM  death  rata 
in  oartala  scoportioii  a.    iha  daath  rata  from  aarUiqiiakaB,  d  , 


iaeliidad  In  tha  average  daath  rata  ia  obtaSaad  aa  d^  •  a  *  d. 


Tha  aecaptabia  daath  rata  fm  aartiignakar  d^^»  la  pippoaad  aa  tlia  mm  of  tha  part  of 
tha  daath  rata  fk<n  aarthqpiakaa  Ineludad  in  the  aivaraga  daath  rata  d^  and  tha  inaanaiMa 
ranga  of  flactoation  of  daatii  rata  g^^^,!   d^^  "  **a  *  ^dlna"  ***  ^  ^dlna' 


On  the  supposition  that  the  number  of  deaths  from  earthquake  is  proportional  to  the 
nuinber  of  destroyed  bwildinqs,  a  proposition  is  established  that  the  acr-f^ptable  rate 
of  destruction  from  eartnquake,  f      ,  is  to  be  obtained  as  a  proportional  value  to  the 

E  AC 

aeo^tabla  d«ath  rata  from  earthquakes,  d^.^: 

sac 


=  d 


fac       sac     Y**^*fj  ' 


P   •  population  of  the  area  concerned 

Y   •  probability  of  deaths  in  case  of  destruction  of  a  building  (tba  nunbar  of 

deaths/the  number  of  destroyed  buildings) 
Uj^  ■  number  of  buildings  in  the  area  concernod. 
f^  "  frequency  of  earthquakes  on  the  area  concerned. 

6*    PRIHCIPXC  OF  SOCZlUb  VSXUtTIt  TO  OPTtHXSB  IMPORmiCB  FAC30R 

Tha  object  postulate  is  concerned  with  social  utilities,  that  is,  m  assume  that  the 
value  of  structure  is  comprised  of  the  construction  cost  (negative  utility)  and  the  socieil- 
hnnan  utilitlaa.   Ito  ara  going  to  aataUiab  an  object  poatnlate  iihleh  fbsmilataa  tha  value  of 
iaportaaoa  factor  oorxaaponding  to  tiM  mximn  total  utilitiaa. 

The  fbUowing  coneapta  ara  uaed  in  thla  dlscnaaion, 

(1)  h»t&  naana  a  aoalar  having  aa  a^paetad  value  n  and  a  coaffieiant  of  varianoe  0^. 

(2)  Strength  aeene  a  potential  of  atruetazaa  oocrea;ponding  to  a  certain  liJidt  atate 
deelgnatad  ia  design.    The  strength  is  aleo  a  aoalar  having  aa  aoqpected  value  R  aad  a 

coefficient  of  variance  H^. 

(3)  Magnifying  factor  of  strength  aeans  the  ratio  daf inad  by  tha  following  aquation 


e 


idiare, 

R    »  actual  strength  of  structure, 

8^  ~  strength  corresponding  to  a  certain  limit  state  under  a  defined  standard  load 
effect  S_. 
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Particularly,  we  shall  distinguish  the  value  of  nagnlfylng  factor  for  ordinary  buildings 
from  that  for  public  buildings.  The  ratio  of  nagnlfylng  factors  is  called  an  in^portance 
factor,  And  j.t  may  be  defined  aa  follows < 


«*  -  •/•q,  (6-2) 


•  wigiilQrliig  factor  for  ordlnuy  bulldlnga. 

(4)  Probability  of  reaching  lialt  itate  is  defined  aa  followai 

p  -  P  »^  <  S)  (6-3) 

•  »         <  6)  (6-4) 

Eqviation  (6-3)  is  applied  to  ordinary  buildings  and  equation  (6-4)  is  applied  to 
public  buildings  such  as  hospitals,  public  facilities,  public  halls,  and  so  on. 

(5)  Social  utilities  are  presented  by  four  utilities,  Oj^,  O^*  Uj  and  as  shovm  in 
Table  6-1. 

Table  6-1    Social  utilities 


STATB  OF  OSDIHARY  WXLDIliGS 

mm  OF  FUH.IC  niiLDiiics 

(1)  Undamaged 

(2)  Damaged 

6>«  ^  8 

eK,<  s 

(1)  UndaiMsml  State  (e,R,  > 

8)  Hi 

(2)  DaiMgad  State  (6,1,  <  8) 

(6)   Conatruction  coat  aaans  the  preaent  value  of  lattial  eonatcvetion  coat.   We  dafina  C^, 
oGBstznotiMi  coat  in  tha  paynant  tiaa,  and  T^*  tine  lag  batwaan  tiia  pagraant  tlaa  and 
the  ttaa  of  putting  the  tauHdiag  in  naa.   ilia  oanatmotian  coat  can  tlian  ba  ahoMD  by  the 
ftolloirlng  equation  with  tba  intareat  rata  rt 

T 

C  -       (1  +  r)  "  (6-5) 

With  the  above  conception,  we  can  examine  the  social  utilities  for  the  building.  In 
the  first  year,  the  expected  value  of  social  utility  is  aa  follows t 

0**^  -  (l-p)  (l-Pj)       +  P  (l-Pj)       *  *2  "3  ^^2^4 

tdiere, 

P    -  prob  (e^Rp  <  S) 


Pj  -  Prob  <  S). 
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Hm  pxvMBt  ^ml3am  of  adclal  ntUity  in  th*  moobA  yttar  i« 


1  +  r 

Siailarly,  thft  pMMnt  vmlue  in  the  nth  y»ar  i* 

gf^J  -  t^TT^)  O'""**  (6-8) 

OoMtquaDtly^  ths  bub  of  tte  aoeial  ntlli^  ia  lite  qtaa  of  Um  baildlng  T  ia  oibtaliMd 
u  follomi 

■    i^l  i-0    *  * ' 

Hw  total  vfcUily  ia  gajpraamtoa  hf  tii*  fbllewliig  aguktloikf 

0  «  0,  -  C  (6-10) 


IK  aoat  aaxLaia*  tiM  valuo  of  0  fcom  a  viMpolAt  of  aoelAl  aafoty  or  lufaan  aafotar> 
,  «•  obtain  tha  foUewing  poatulata  by  diffaanuttiatiiig  tq»  (6-10)  with  roigact  •» 

-^-lgl/t|^J  (6-U) 

Slko  optiauB  vBlne  of  lavortanoe  f aotor  can  1m  obtalMd  fieoa  tha  atovo  aquatloa  nhaa 
tha  dlatribtttion  funetlona  of  raadoB  valnaa  S  and  R  ara  givan.  Aotnally*  if  tiM 
diatzllMitlan  funotlona  of  load  offoet  and  atrangth  aza  nomal  diatrllmtlona  li[8«  0  ]» 


HIS;*       saivaetivtly*  Uie  eptianl  valaaa  of  nagnlflrlng  factor  and  inpertanoa  factor  ara 
acvcoiciMrtaly  ky  tha  following  ogoatloao  raapaetivelyf 


9  -      +  ^-^^l"  C  )  .  (6-12) 


6*-  -iy  +  ^/nn  (- 


✓a  2  o~! 


^     )  ,  (6-13) 


<6-M) 
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(6-16) 

,  (1     r)^  -  1  -  rx  WWC^ 
(1  +  r)'^*  -  1  r{l  +  r)^"^^* 


Vh*  WDtUlazy  p>r«— tT  6  «nd  fc  ax*  o«ll«A  ajfntbatie  OMf fleiant  of  variano*  and  ooat 
perfbcMnoe  aMtslblli^,  rttflpeetivaly,  anfl  the  paraaatnr      AMans  tha  tumovar  yaar  of 

the  buildings.    The  relation  anong  the  optimal  values  of  nagnifying  factor  6*  aynthotlc 
e.o.v.  6  and  the  ooat  parfbxaanca  aanaibility  k  Is  aboim  iA  Fig.  6-1. 

7.     OtMCUlDZHfi  — — *<WBfl 

From  Chapters  3  to  6,  wc  have  suggested  several  approaches  to  settle  the  object 
postulate  for  th°  enrthquake-resistant  code.    The  details  of  each  chapter  should  be 
investigated  moxe  extensively  and  intensively.    Though  more  suitable  ways  to  determine  the 
object  postulate  night  be  discovered  in  the  future,  the  following  items  are  the  most 
Influantial  factors  to  sattle  the  object  postulate  fron  the  surveys  we  have  ooadocted. 

1)  aarthqiiaka-raalstaBt  oapaclty  of  balldiaga 

2)  ajepacitail  sal  snip  fteos 

3)  aarttquafca^rasletairt  oapacity  and  Goostxueticn  cost 
5)     soolal  tttiUty 
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Tabl*  2-1   PoBtulatea  Included  Id  strucutral  design  codes 


Men  of  Cote 

1 

2 

3 

4 

5    6  7a 

7b  : 

a   9  u 

ISO  draft 

* 

* 

* 

* 

*  * 

AIJ  RC  code 

* 

* 

* 

AIJ  earth- 

draft 

* 

* 

* 

NDRDTr  CODE 

* 

* 

* 

*  * 

* 

* 

(B-Type) 

* 

* 

* 

* 

* 

* 

* 

PxepoMd.  of 

Cornell 

• 

• 

* 

*  • 

* 

Proposal  of 

* 

* 

* 

* 

* 

* 

FIP^B  Cote 

* 

• 

• 

* 

TaMo  2-2  Clasalf  ieatton  of  pootolatoa 


The  flMt  Gnvpt 

LOAD-fTRENfiTH 
POSTULATE 

Haia  fMtulatoa: 
1.  2 

8gh  VettwiUtaa: 
6»  a.  7b 

The  main  postulates  are  basic 
postulates  for  design  system. 
Thp  sub  postulates  are  the 
Bodiflcation  of  the  aiain  poatu- 
lata  for  tho  parpooe  of  f aellt* 
tatlng  probr^hn -(stlc  traatoant 

of  design  variables. 

The  Second  Group: 

COMPARISON 
POSTULATE 

Main  Poa dilates: 
3,  * 

Background 
PostulatMt 
5.  7« 

Sub  Pcstnlates: 
9,  10.  ii, 
12 

The  uln  poatulate  3  la  Kepra- 
aantlng  tha  daaalcal  tealgn 

procedure.    The  main  postulate 
4  is  representing  probabilis- 
tic concepts.    The  background 
poaculataa  aappliaa  logical 
aupport  for  tha  poatulata  4. 
The  sub  postulates  arc  used 
together  with  the  postulate  3 
to  Introduce  oonaiteratlooa  of 
tefonaation. 

The  Third  Qnnip: 

OBJECT 
POSTULATE 

Main  Postulates: 
J,  y,  10, 
11,  12 

The  postulate  3  Is  an  object 
postulate  as  well  as  the 
coaparlson  postulate.  The 
poaculates  10,  U,  and  12 
ara  oaad  tofathar  with  tha 
poatulata  4, 
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V       i  nean  value 


CONVEHTIONAL  HDOOEN 
WXLDIIIGS 


?REFABRICA1BD  MOQOBII 
BUILDINGS 

CAST  IN  SI-IU  REINFORCED 
CONCRETE  BUILDINCS 

CAST  IN  SITU  REINFORCED 
COMAITB  MUX  BD1LDZKS 

PREFABRICATED  REIliFORCED 

OOMCRBn  MIL  ■riLDiiies 

STEEL  REINFORCED 
CONCRETB  niLDXlKiS 


PREFABRICATED  H-STBEL 
REIMFOCED  COMCSEIB 


SDVtt  Hm  BXSB 
STEEL  mLDXMSS 

HISB  1I»  smL 

STEEL  IDILDnCS 

LAMB  SPAM  STEEL 
VIIDIMeS 


BDILDXMeS 


BLOCK  WILDIN6S 


(NraasllMd  by  tb»  «Mia  wlua  of  CMfe  In  slttt  raiafoxcad  cpneccte  tailMlngs) 

Fig.  3-1   MILATXVB  EAnMQtlUMKXinMT  CAPACXTT  AID  ITS 
DIS»HISI(m  OV  aiXLDIMGS 
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Factor  (1)  I  IttrttH  of  Ptstgncr 

(2)  X  DMlgn  Cost 

(3)  :  DMlgn  mm 

(4)  :  L«ml  «f  Opnstxuetor 

(5)  :  Construction  Cost 

(6)  :  Construction  Ten 

(7)  :  Material 


CONVZNTXOlttL 
DOODIM  KUDIMSS 


CAST  IN  SITU  REINFORCED 

OONCRBIE  nxLDnics 


FBEFABRICATED  REINFORCED 
COIKIETE  wax  BDILDIMBS 


0        1 0 

1 

20       JO       <0  »n 
1         1         1  1 

z  n      7  0 
1  1 

PI 

9  'i      •  1 

ttSf 

(2) 
9.9.% 

a) 

m 

Cil 

161 

12 '-•■» 

I 

1 

1 

1 

1 

1 

1 

22.1* 

(2) 
9.5« 

9  5# 

2  0.6* 

(5) 

11  7# 

151* 

1  1 

t 

1 

1 

1 

1 

'•2Vt% 

(?) 
«2# 

(51 
9.4% 

(«) 

22i)« 

(5) 

12.7» 

1  M» 

17. 

1iV« 

1 

1 

1  1 

1 

1 

STEEL  REIHrollCED 

1  1.  1 

COMCim  VILDIRS 

(1) 

(2) 

(«) 

W 

2U% 

».«# 

20.9% 

1&S« 

U4f 

12?< 

un 

BVXIDXIIGS 


I       t       I  I 


m 

w 

(4) 

(5) 

I7i 

9.*% 

»«• 

2l«f 

ia;# 

1/411 

Fig.  3-2    WEIGUIEO  FACTORS  OF  EARTHQUAKE-RESISTANT 
CAFACm 
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T«U«  4-1-a)   coat  CosfflciMita  of  Stoal  Fzwo  aulUiiigo 


n 

R 

H 

y 

W  -  1.0 

V  -  0.6 

p  -  0.5 

5 

3 

2.0 

1.2 

1.0 

5 

5 

5 

2.0 

1.2 

1.0 

e» 

5 

2.0 

1.2 

1.0 

M 

2.0 

1.2 

1.0 

5 

3 

2.0 

1.2 

1.0 

10 

5 

5 

2.0 

1.2 

1.0 

a> 

5 

2.0 

1.2 

1.0 

g> 

OS 

2.0 

1.2 

1.0 

Table  4-l-(2)    Cost  Coefficients  of  Reinforced  Concrete  Buildings 


M 

n 

R 

X 

y 

M  -  1.0 

V  -  0.4 

V  -  0.3 

5 

5 

3 

3.2 

1.25 

0.95 

5 

5 

3.0 

1.22 

0.92 

5 

3.1 

1.23 

0.93 

00 

3.1 

1.24 

0.93 

* 

m 

3.7 

1.43 

1.10 

10 

5 

3 

4.0 

1.60 

1.17 

5 

5 

3.8 

1.53 

1.13 

5 

3.8 

1 .55 

1.15 

00 

4.0 

1.60 

1.17 

M  :  number  of  stories 
n  :  nwbor  of  apoii* 

IJ  t  cost  ratio  of  eoltsoa  and  t$xdmrm  to  total  acvuetntal  eeot 

1.0  naana  tlwt  coat  of  colwia  and  ilrdora  la  total  atruetaval 

cost) 

*  :  aaotanlfe  altaax  «b11»  eoluins  and  girders  systea 
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Fig.  4-l-(l)    Cost  Ratio  of  Steel  Fraae  Buildings 
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ftO    Ol>  «4 


04 
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Vtg.  4-1- (2)   Cost  Ratio  of  Reinforcsd  Concrete  Buildings 
(N-S,  n«»  in  both  dlxectloiis*  no  eoeinle 

mUc) 


v-us 


8]rntb«tic  c.o.v.fi 

Fig.  6-1    Relation  amoag  k,  6  and  6 
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The  Earthqiuke  Retponae  of  HyateMtie  Slnteturea 

W.  O.  IWAM  And  N.  C.  GKTSa 
CaUfornLa  lastitate  of  Todunology,  Pftsadona*  CaUfoznia 

ABSTRACT 

The  earthquake  response  of  a  broad  class  of  hysteretic  structures 
is  imrasttgated,  InelaBtic  respoDM  spectra  are  detenniiwd.    Based  on 
diese  spectrer  an  effective  linear  period  and  damping  are  defined  for 
each  type  of  hysteretic  structure  as  a  ftinction  of  ductility.    A  simple 
eniplrical  iormula  is  presented  which  may  be  ueed  to  estimate  the 
response  of  a  general  hysteretic  structure  given  the  linear  response 
spectrum  of  tiie  eaccitation.   The  predictions  obtained  from  this 
formula  are  compared  wilh,  those  of  another  frequently  used  schone 
for  estimating  the  response  of  hysteretic  structures. 

INTRODUCTION 

Most  modern  huilding  structures  are  designed  to  respond  in  a  ductile  manner 
during  a  major  earliiquake.    In  a  steel  structure,  ductility  is  associated  with  the 
local  yielding  cf  steel  structural  elements.   For  cycEc  loading,  ^e  reaoMng  load* 
deformation  beihavior  is  hysteretic  and  the  hysteresis  loops  are  i|iiite  stable  itith 
successive  loading.   In  reinforced  concrete  structures,  ductility  arises  both  from 
the  yielding  of  the  steel  reinforcing  and  the  cracking  and  crushing  of  the  concrete. 
The  resulting  load-deformation  behavior  is  again  hysteretic.   However,  in  this  case, 
Ihe  hysteresis  loops  tend  to  degrade  in  botfi  energy  dissipation  and  stiiEbese  witfi 
successive  loading.   It  is  important  for  the  safe  design  of  structures  that  the 
response  of  both  degrading  and  nondegrading  hysteretic  structures  be  well  understood. 

There  have  been  numerous  studies  of  the  earthquake  response  of  simple  non- 
degrading  hysteretic  structures.    Baaed  on  studies  of  the  most  elementary  systems. 
It  has  been  suggested  tiiat  tot  moderate  to  long  structural  periods,  tibe  peak  aa^tode 
of  response  of  the  hysteretic  system  is  very  nearly  the  same  as  fliet  of  a  linear 
system  wi^  ^e  same  nominal  period  end  viscous  damping  independmtt  of  ihe  ductility 
ratio  of  the  response  [1].    There  have  been  relatively  few  studies  of  the  earthquake 
response  of  degrading  structures  end  no  general  design  guidelines  have  yet  been 
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propoMd.   However,  fhe  equal  diqfdAcemeat  rule  is  often  employed  for  this  type  of 
•tracture  ea  well  C2]« 

The  porpoee  of  the  present  investigatioa  is  to  examine  Ae  eerthquake  response 

of  a  general  claee  ol  single -degree-of-freedom  hysteretic  structures  and  to  evaluate 
the  merit  of  certain  simplified  metiiods  for  estimating  the  response  of  such  structures. 

INELASTIC  RESPONSE  SPECTRA 
It  is  assumed  that  the  eqnntian  of  motion  of  the  structure  or  a  particular  mode 
of  the  structure  can  be  written  tn  the  form 

ie  +  2C^,«^i  +  «^f[x(t)]  Ao  -  Mt)  (1) 

«4Mre  X  is  the  generaliied  relativa  displacsment,  Cq  ^*  ^  fraction  of  viscous 
damping,      is  the  natural  frequency,  f  Cx(t)]  is  the  feaerallaad  restoring  force, 
.  is  ^e  nomlAal  stiffiiess,  and  a(t)  is  the  excitation  acceleration.    In  what  follows,  it 
is  assumed  that  Cq  -  nominal  period  of  the  system  is  1^=  Zn/w^. 

The  generaUaed  restoring  force  f(x)  is  assumed  to  be  hysteretic.   In  this 
investigatioa,  the  particular  form  of  ftx)  is  derived  from  a  combinatioik  of  Unear 
elastic  and  coulomb  slip  elements  as  indicated  in  reference  C^j*  restoring 
force  model  incorporates  tiie  major  features  associated  with  linear,  simple  hysteretic 
and  degrading  hysteretic  behavior.    Sue  specific  systems  are  considered  and  the 
restoring  force  diagrams  for  these  systems  are  shown  schematically  for  cyclic 
loading  witti  monotonieally  increasing  asnpUtude  in  Figure  1. 

The  symbol  BLH  denotes  tiie  bilinear  hysteretic  restoring  force  model.  The 
other  systems  are  designated  by  a  three  number  code.    The  first  set  of  two  digits 
q[»eci£ies  the  ratio  of  the  strength  o£  the  simple  hysteretic  component  of  the  model 
to  that  of  tiie  degrading  component  with  1.0  denoted  by  10.   09m  second  set  of  two 
digits  speeifieB  the  ratio  of  the  generalised  yield  displacemoat  of  tiie  simple  hyateretic 
eompment  to  tiiat  of  the  degrading  component  witii  1.0  denoted  by  10.    The  third  set 
of  two  digits  specifies  the  ratio  of  the  failure  loads  associated  with  tensile  and  com- 
pressive failure  for  the  basic  degrading  component  of  the  model  with  Q.  1  denoted  by 
10.   In  reinforced  ccnorete,  tiie  siaaple  ylslding  compononit  of  tiie  naodel  would  be 
representative  of  tiie  behavior  of  the  xelnforGing  steel  and  Hke  degrading  component 
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would  Ita  rivr«a«atetive  ei  tiie  bdiavlor  of  fhe  concrete.  In  tfale  ceee,  Hie  fhlrd  set  of 
digits  would  be  roughly  proportionel  to  the  retio  of  ^e  craddng  to  cruriiing  strength 
of  the  concrete.    The  limitiiig  fully  yielded  atiffness  for  each  case  is  taken  to  be  5% 
of  the  normnai  etiffoess  k^. 

The  dnctility  ratio  of  the  reeponee  ie  defined  ae 

wbere  at^^,  ie  the  wiaY^tmim  anapUtade  of  reeponee  and  Xy  in  die  geaeralined  yield 
diaplacemenfe  of  the  aln)|»Le  yielding  component  of  fhe  ayatem* 

In  the  present  investigation,  &e  structural  model  described  by  equation  (1)  is 
excited  by  an  ensemble  of  twelve  earthquake  acceleration  time  histories  a(t)  which 
are  choaen  to  be  repreaentative  of  a  variety  of  different  typea  of  earthquake  eaccita* 
tion.   An  effective  peak  accdevation  lev^  A*  ia  detemdBed  for  ea^  eartf&q^nake  by 
finding  the  acale  factor  aeceaaary  to  minimise  the  mean  aqoare  diHerenee  between 
the  2%  damped  response  spectrum  of  the  earthquake  in  question  and  the  NRC  1.60 
design  response  spectrum  [4]  in  the  period  range  of  0.2  to  4.0  seconds.    The  latter 
apectrum  ia  adjuated  to  a  mean  value  epeetrum  by  eubtracting  one  v  item  the  pub* 
liahed  apectrum.   Die  twelve  earthq[uakea  and  flieir  effective  peak  acceleratioaa  are 
given  in  Table  I. 

The  response  o£  each  structural  model  to  each  earthquake  of  the  ensemble  ia 
calculated  numerically.    The  yield  level  of  the  atructural  model  Xy  ia  varied  until  a 
deaired  dnctUity  ratio  |i  ie  obtained  and  die  reeolfting  mtainaan  generalised  diaplace- 
ment  x^m-w  is  recorded.   In  flie  preaent  inveatigaticn^  tibia  ia  done  for  nine  di^rent 
nominal  structural  periods  ranging  from  0.4  to  4.0  seconds  and  ductility  ratios  of 
2,  4  and  8.     The  resulting  values  of  x^^^  are  used  to  construct  inelastic  response 
spectra  for  each  hyateretiLc  ayatem*   In  order  to  mint  mine  the  effects  of  die  local 
variatiena  in  die  spoctral  content  of  each  earthquake*  the  inelnstiG  re^onse  spoctr* 
are  nonuaUsed  by  A*  and  averaged  over  tfie  twelve  eartibq^akes.   This  defines  a 
family  of  normalised  averaged  inelasttc  response  spectm  for  each  structural  model. 
A  typical  family  of  inelastic  pseudo-velocity  response  spectra  is  shown  in  Figure  Z 
for  the  highly  degrading  system  02-10«00«   Also  shown  for  eon^arison  are  the 
averaged  linear  release  spectra  for  2.  5  and  10  9(  viscous  damping. 
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OPTIMAL  EFFECTIVE  UNEAR  PAKAMETERS 
An  «maun»tioin  td  Figura  2  rev«als  tiiAt  tiie  ovaraU  ahape  of  tk«  avaragad 
inalaalic  apactrum  lor  a  givan  valua  of  i»  cloa«ly  V9VBeitllm9  ttutt  of  aonaa  Unaar 
apaetrom  aoBcapt  for  a  traaalattoo  along  a  Una  of  cooataaft  apaetral  dlaplacamaiit 

(a  line  witfx  slope  of  minua  one  on  the  log-log  PSV  diagram).  For  exarapic,  ti  iiaear 
apectrum  for  Q  =  5%  may  be  translated  to  fit  very  closely  the  inelastic  spectrum  for 
It  s  2.  Thia  fact  may  ba  uaad  to  dafiBa  a  liaaar  ayatam  idblch  gtvaa  vary  naarly  Aa 
aama  qpaetral  raaponaa  aa  a  glvan  hyatarattc  ayafeam. 

Let  SD^(EQ(j),  SYS(k),  |i,  Ti,  Co)  ^        apaetral  diaplaeeinaBt  of  tha  hystera- 
tic  system  SYS(k)  with  nominal  period  and  damping  Tj  and        at  ductility  ^  to  the 
aarthqaaka,  £Q0)«   X«*t  SD^(£QU),  T,  ()  ba  tha  spectral  diapUcament  of  a  linaar  aya- 
tam wiA  paxiod  T  aad  viaeoaa  damping  Q  to  Iha       aartftqoaka  EQ(J)«    lhaa,  conaidar 
a  ahiltad  linaar  apactrum  daflnad  by  SD^(EQ(j),  T^d^l^},       C^).   In  thia  way,  1^1^ 
represents  a  period  shi-ft  ratio  and  Cg  an  added  damping  with  respect  to  the  linear 
spectrum.    Let  6^  be  the  difference  between  the  nonlinear  inelastic  spectral  dis- 
placamant  and  Hm  ahlftad  linaar  apaetral  dl^laeamont  daflnad  by 

SD,(EQ(j).  T.(T^/TJ.  Co+Ce) 

Than,  a  maaanra  of  tha  ovarall  difCaranea  or  arror  batwaan  tha  avaragad  nonlinaar 
and  avaragad  riiiftad  Unaar  ^aetnun  will  ba 


(4) 


f  Ot)  will  ba  rafarrad  to  aa  tha  root  moan  aqoara  (rma)  avaragad  apaetral  arror. 
An  opUsnal  parlod  shift  aad  addad  damping  can  ba  daflnad  for  aaefa  byataratie 

system  by  minimizing  c(k)  witii  respect  to  T  /T    a.iid  i   ,     J-iet  the  optimal  parameters 

e     o  e 

ba  notad  by  T^^/"^^  and  let  €j^(k)  be  the  minimum  valua  of  ?(k).  Than 


C(k)  s  7_,(k},  a  miniiwnm ,  when  TVI.  »  T.    /T^  aadC^  ~  • 

"  ar    O         gm      O  e 

Ihia  dafinaa  an  optiniat  affaetlva  linaar  ayatam  for  any  particular  nonlinaar 
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Th«  apUmtl  period  shift  and  added  daxnpiag  for  the  six  hystorotic  •yafeoms  con- 
sidered herein  is  presented  In  Teble  II  along  witb  €he  mitrimam  rm»  mveraged  spsctral 
error  7jj^  ae  »  function  of  ductility  ratio.    It  is  observed  that  the  averaged  spectral 
error  is  in  no  case  greater  than  6%.   Heace»  it  is  concluded        tiie  optimal  effective 
Baear  parameters  are  capable  of  providing  an  eKcellenk  description  of  tte  averaged 
inelastic  response  spectrum  for  hysteretic  structures  of  flie  type  considered.   As  a 

general  trend,  it  will  be  noted  that  both  the  optimal  periOd  sliiit  and  -damping  tend  to 

increase  with  increasing  ductility     for  all  systems.   It  will  also  be  noted  that  Oie 
more  degrading  systems  tend  to  have  greater  period  shift  particularly  at  tfie  largest 
ductilities.    The  effective  added  damping  is  in  tiie  range  of  6  to  IZ%  for  all  eases. 

A  SIMPLE  EMFUUCAIi  MODSL 

If  graphed  as  a  fbnctlon  of  tk  withottt  regard  to  system,  the  results  presented 

in  TaUe  II  suggest  a  simple  empirical  formula  for  appronmating  T     /T   and  C 

*m    **  •m 

This  may  be  expressed  in  the  form 

V^o  =  1  +  TO  <>*-^> 

(6) 

C,(96>  =  6(ik-l>* . 

Ihis  formula  may  be  used  to  predict  the  response  of  a  nonlinear  hysteretic .  structore 
given  die  linear  responsB  apectrum  of  the  eowitation.    Tliis  is  accomplished  by  drifting 
Dim  period  from  its  value  by  an  amount  T^T^  and  introducing  an  additional 

viscous  damping  C^-    The  accuracy  of  tibis  formula  vrtll  noer  be  oocamined  and  com- 
pared with  another  simple  prediction  method. 

EVALUATION  OF  RESPONSE  PREDICTIONS 
The  merit  of  any  scheme  for  predicting  the  earthquake  response  of  a  hysteretic 
structure  may  be  measured  by  die  magnitude  of  die  error  belween  the  actual  and 
predicted  response  over  the  period  range  of  interest.   The  abiUty  of  a  given  scheme 
to  predict  gross  response  featores  can  best  be  seen  with  reference  to  a  smooth  or 
averaged  response  spectrum  as  shown  in  Figure  Z.    In  tida  case,  the  root  mean 
square  averaged  spectral  error  c(ki  defined  by  equation  (4)  is  an  appropriate  error 
measure.   The  ability  of  a  acheme  to  predict  tiie  finer  details  of  die  response  can 
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beat  be  Mam  yriSh  reference  to  a  paxticulM  eBrtttqaake  witb  all  of  its  qpectral  vaxia> 
ticme.  For  tiiia  pnrpoae,  ea  unkvecftged  root  mean  aqoftre  apectrel  error  cfk)  will  be 
aa  appropriate  error  meaaure  irfiere 


c<k)  » 


1     ^  2 

iro  ^  ^  ^  jk 

Ul  jsl  . 


(7) 


In         imrestigation,  the  reapotiae  predlcHona  of  the  emptrical  fonxtula  will  be 
compared  vritii  those  of  the  optimal  parameters  and  those  of  the  Newmark-Hall 
moUfcod  [1].    Ihe  Newmark-Hall  method  waa  origjUially  formulated  aa  a  technique  for 
fener«tiDg  aa  laelaatlc  reapooae  apectrum  from  a  smooth  linear  deaign  apectrum.  In . 
tfiia  method,  ^e  linear  spectrom  la  modified  according  to  different  rales  depending 

on  period  range.     For  periods  greater  than  or  equal  to  some  value  T',  the  method 

foUowa  tiie  equal  displacement  rule  and  the  inelastic  diaplacement  or  pseudo-velocity 
apectrom  it  identical  to  tiie  Haear  ^ectram.   For  pexioda  In  an  Interval  ali|^tly 
leaa  ttaa  acme  value  T',  the  inalastie  apectral  dlaplaeemaat  ia  obtaiaed  from  Ihe 
linear  spectral  displacement  by  multiplying  by  a  factor  of  it/ / ZjT- 1  where  IT  la  aa 

effective  ductility  ratio.    Between  X'  and  T'  the  spectral  behavior  changes 
coallnaoaaly, 

la  order  to  obtaia  a  direct  eompariaon  with  tiie  empirical  formula,  the  Newmark- 
Hall  metiiod  la  hereia  applied  directly  to  ttie  averaged  liaear  Z%  damped  apectrom  or 

to  the  corresponding  spectnm\  of  an  individual  earthquake  as  required  rather  dian  to 
a  smoothed  or  bounding  spectrum.    Use  of  a  bounding  spectrum  has  been  found  to 
give  reapoaae  results  wliich  are  coaalderably  over  ccaaervative*    The  vahiea  of  T' 
and  T'  are  takea  to  be  0.5  and  0*4  aecoada  reapectlvely  and  the  effective  ductility 
ratio  IT  ia  taken  to  be  equal  to  ti.    This  latter  assumption  has  very  lltMe  effect  since 
the  method  gives  results  which  are  Independent  of  ti  over  most  of  the  period  range 
coasidered. 

Table  m  gives  the  rma  spectral  error  f  (k)  aad  the  rma  averaged  apectml 
error  c(k)  rosuUiag  from  response  i^edlctiona  based  on  the  o^mal  parametera 
presented  In  Table  II.  &e  effective  parameters  from  empirical  formula  (6)  and  tiw 

NewmarkoHall  method.    It  is  seen  that  all  of  the  methods  considered  give  better 
response  predictions  for  aa  averaged  or  smoothed  reqpoaae  apectxum  than  for  dio 
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spectrum  of  •  putteuSftr  «ar1hqaake.   This  It  tsvMtnt  from  fh«  mudi  lammt  valmes  for 

the  averaged  spectral  error  T  a>  compared  to  t]i«  unaveraged  spectral  error  <.    For  the 
optimal  parameters,  ^e  ratio  o£  c  to  c  is  approadmately  four  and  for  the  two  pre- 
dictfag  •duim«0»       ratio  le  afproadnatoly  two,   TkdB  pftrticular  foatoro  of  tha  data 
i«  not  at  aU  anrprlaiag  in  light  of  tha  irmHatiaBa  Iji  froqueoey  coatant  aaaodatad  witt. 
any  particular  aarfliquaka  of  an  enaambla. 

Aa  important  observation  from  Table  III  is  that  for  given  ductility,  the  spectral 
azTora  raaulting  from  aitbar  the  empirical  formula  or  ttia  Nawmark-Hall  method  ara 
eoa^TaUa  for  aU  of  Ifaa  ayatama  conaidarad.   Hanca*  it  may  ba  conclndad  Ibat  vory 
markad  diffarancaa  in  kyataratic  bahaviov  of  tito  typa  conaidarad  karaia  hava  only  a 
secondary  effect  on  the  accuracy  of  a  given  response  prediction  technique.    This  does 
not  imply  that  there  are  no  systematic  differences  in  the  response  of  one  system 
varaaa  aaodiar,  tMit  it  doaa  imply  tfiat  Hiaaa  diffarancoa  ara  of  liia  wdar  of  tha  arror 
i<lk«r«iit  la  tha  two  tlnpla  pradictioo  aehaaMt, 

For  all  dttctllitlaa  conaidarad,  Tabta  III  indicataa  that  tfi*  apactral  arror  f 
resulting  from  the  empirical  formula  la  comparable  to  that  resulting  from  use  of  the 
Optimal  paramatara*    This  error  is  typically  of  the  order  of  20%  which  would  ba 
aatiafactory  for  naoat  doaiga  purpoaaa.   lha  orrov  raaoltfag  from  tha  Ntnmnaik-Iiall 
method  ia  gaaaraUy  aoore  thaa  twica  lhat  of  lha  ampirical  fomnala.   Evan  for  ttia 
simple  bilinear  hysteretic  syatam,  the  spectral  arrors  resulting  from  the  Newmark* 
Hall  method  are  of  the  order  of  50%.    Overall,  for  all  systems  and  ductilities,  the 
uaavaragad  ^ctral  arror  c  !•  18.3%  for  ti&a  optimal  paramatara,  20.9%  for  Am 
ampirieal  fonanla  aaid  M.5%  for  tha  Nawmafk-Hall  matbod. 

Aditttioaal  laalght  into  tha  merit  of  tha  two  aimpila  pradiction  adiemaa  conaidarad 

in  Table  III  may  be  gamed  from  an  examination  of  the  distributiun  of  the  individual 
apactral  errors  ^or  this  purpose,  all  of  the  different  systems,  earthquakes, 

parioda  and  duefUitioa  ara  takasi  togoHMir,    Tha  raaolta  ara  skowB  in  Tigura  3. 
Figuraa  3(a),  (b)  and  (c)  giva  tha  raaolta  of  lha  omplrical  fonnula  and  Flgnraa  3(d}, 
(a)  and  (f^  the  rasulta  of  tha  Nawmark-Hall  madkod.   It  will  ba  aaan  titat  Aa  mean 

spectral  error  associated  with  the   empirical  formula  is    substantially  smaller  tJiaii 

that  associated  with  the  Newmark-Hall  method  for  all  values  of  ductility.    Ihe  mean 
error  for  tha  ampifical  fonnala  la  alwaya  laaa  Aaa  2%  ytbXU  tfkat  for  lha 
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Newmark-Hall  metiltod  rang**  {ram  17%  to  iZI/^.   in  additioa,  the  >t«iid»rd  d«vi»tLoa  of 
tiia  Mtov  for       «ai^9leal  foemul&  it  rou^ily  ona^half  Utat  tot  Ihm  Vhiwmmxh-Htik 
meAod.    It  is  true  Hbmt  tihe  Nciwm*rk«lbll  ualiied  ia  mor«  conservative  dwn  tbe 

empirical  formula.    However,  this  conservatism  is  often  excessive  and  is  offset  by 
the  fact  that  tiie  results  of  the  Newmark-Hall  method  show  considerably  greater 
scatter  than  tiii««e  of  Ht*  empirieal  lormnl^. 

As  an  iUnatratioB  of  tiie  aUUty  of  the  ain^e  en^rical  fomula  to  predict  tiie 
response  of  a  given  hysteretic  structure  to  a  particular  earthquake,  the  predicted 
inelastic  response  spectra  for  two  different  systems  are  shown  in  Figures  4(a)  and 
(b)  along  with  actual  response  data.  Also  shown  are       predicted  spectra  given  by 
application  a£  Ihe  Newmark-Hall  metfiod.    In  each  case,  the  eoEcitation  is  tte  scaled 
accelerogram  for  8244  Orion  Blvd.,  Ist  floor,  Sbn  Fernando,  1971,  NOOW  (HOL). 
This  accelerogram  was  chosen  because  of  the  presence  of  several  pronounced  peaks 

and  valleya  in  its  response  spectrum,    Ihis  helps  to  demonstrate  the  e££ecta  of  local 
variations  in  spectral  coufceat. 

It  win  be  seen  from  Figure  4  tiiat  the  predictions  of  the  empirical  formula  ara 
generally  in  good  agreement  wilh  die  data  over  Hie  range  of  periods  considered  while 
the  Newmark-Hall  method  tends  to  be  somewhat  overly  conservative.    This  is  consis- 
tent with  the  results  of  Figure  3.    £ven  mere  significant,  however,  is  the  fact  tiiat 
&e  en^rical  formula  appears  to  be  capable  of  accounting  to  seme  SKtenfe  for  local 
variations  ia  spectral  coitent*   For  example,  at  a  nominal  period  of  1  second,  tfiere 
ia  a  marked  valley  in  the  linear  and  Newmark-Ibll  inelastic  spectnim  but  this  is  net 
reflected  in  the  behavior  of  the  numerical  integration  results  which,  for  the  system 
BLHi  actually  eodiibit  a  maximum.    The  inelaatic  apeetnuan  predicted  by  tiie  empirical 
formula  possesses  a  local  maximum  at  this  period.   On  Hie  other  hand,  from  a 
nominal  period  of  3  to  4  seconds  Hiere  is  a  aharp  increase  in  the  value  of  spectral 
displacement  as  predicted  by  the  linear  or  Newmark-Hall  inclasln.  spectrxim  while 
the  numerical  resolta  show  a  local  decrease.    The  empirical  formula  alao  predicta 
a  dacreaae  ia  ^etral  displacement.    The  st^^xiority  of  tiie  empirical  fonmla  ia 
predicting  detailed  spectral  behavior  may  be  attributed  la  part  to  the  fhet  tiiat  this 
method  takes  into  account  a  shift  in  the  e&ective  period  of  oscillatioii  of  th«  ttructara 
^R^le  the  Newmark-Hall  method  does  not. 
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CQNCLUSIONS 

Based  on  the  results  of  the  present  investigation  of  a  class  of  single-degree- of- 

iMwdoim  byfterettc  tyttemt,  ti»e  loUowliig  conclutioiif  are  made* 

(I)  Owr  tiic  ini^«xiod  Mung*  «f  0*4  to  4.0  aecood*  *nd  fox  ductility-  ratios  in  the 
raiigo  of  2  to  8,  it  i«  pO0«ib1«  to  approadmate  tho  rofpouae  of  botti  ain^le  and 
degrading  hysteretic  structures  from  a  linear  response  spectrum  by  using  an 
effective  period  ahift  and  added  damping.    The  use  of  optimal  parameters  leads 
to  root  m««a  tqitwro  avoragod  apoctral  orrora  of  lots  tiiaa  5%  and  oaayoragod 
root  moan  aqiiaro  apoctral  orrora  of  loss  tlian  ZlO%, 

(Z)   A  simple  empirical  formula  for  tbo  effective  period  diift  and  added  damping  ia 
capable  of  providing  response  predictions  which  are  quite  acceptable  from  a 
daaign  point  of  viow.   Xha  ovorall  root  mean  aqpiare  avoragod  spectral  error 
for  all  systems  and  ifeictilities  considerod  Is  of  the  order  of  11%  and  the 
unaToraged  root  mean  square  spectral  error  is  of  tiie  order  of  21%. 

(3>    The  differences  in  hysteretic  behavior  considered  herein  have  only  a  secondary 
effect  on  the  accuracy  of  the  results  of  the  empirical  formula. 

<4)  The  respoBSji  predictions  resulting  from  the  empirical  formula  represent  a 
slgnificaat  improvement  over  tiie  resttlts  Obtained  using  currenay  acc^ed 
criteria  for  estimating  ti&e  reqranse  of  ductile  structures, 
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USTinCT 

In  January,  1964,  the  building  height  limitation  which  had  been  stipulated  in  the 
Structural  standard  Law  of  Japzun  since  1921  was  replaced  with  the  building  volume  limitation, 
Nuinber  of  high-rise  buildings  exceeding  45  meters  in  height  cane  out  to  be  about  300  cases. 
These  buildings  are  examined  thoroughly  for  the  aseismlc  safety  by  dynamic  analysis  instead 
of  static  analysis,  and  received  judge-and-rating  as  to  the  propriety  of  structural  design 
fzofe  tha  cOHBlttaa  aonaiatlng  of  specialiata. 

In  thia  xa!port«  I  dlaeuaa  tha  pcaaant  atete  of  daaign*  asipaelally  of  dynanle  analyaia, 
ualng  ttw  daalgn  apaeif  loation  pcaaantad  to  tha  abova  coaBlttaa.   iha  nnaibar  of  data 
uaad  in  thia  xoport  ia  78  for  SRC  (convMite  ataal  and  zalnfioread  cwiwrate  atxootuxa) 
and  160  for  S  (ataal  atsuBtnra)  onlttiiig  ^pacial  tna  atruetoraa  awdi  aa  high  ehiamaya, 
towara,  ato.  As  thia  atudir  ia  tha  zaaaazoh  of  natariala  baaad  on  tha  actual  daaign 
specif ication,  Z  rafer  to  the  problems  of  aseismip  daaign  or  tha  fUtura  auhjaota  of  raaaarch 
and  devalppMnt  hp  eonaidaring  tha  trend  of  deaign. 

KBimoiDSt   Boildiiig  haight  llaltatimi  building  volnna  liaitationr  flaxural-ahaar  vodelr 
eaxtbgnaka  reaiatant  deai^i;  high-xiae  hutldingat  hiatogram  tor  building  uaaar 
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1.  mHODOCTlDN 

ttm  tonildiiig  height  In  Oapan  itam  liaitad  to  31  mmtmrm  alaett  tin*  Kuito  Barthq[U>k«.  Kb* 
study  of  poaalbUlt^r  of  naalisatioa  of  tlM  Mhg-riM  buildings  «u  startod  br  tha  BoHdiaig 
Omstraetor  soelaty  «ith  trust  fton  tha  Ninlstty  of  OonatmetiQii*   in  saptasbsr,  1963,  tha 
Jtafehitaotnral  Xnstitata  of  pmblirtiad  tha  original  draft  of  tlia  "Ooidft  Ziina  for  MaiBMio 

Paaign  ot  Tall  BoiMings"  (*'Oulda  Lina") ,  and  in  Januaxy*  1964,  tha  Struotural  Standard  Law 
of  Japan  «as  altatad  txom  tha  baiUing  haight  Itnitation  to  the  building  volume  llnitation. 
It  is  certain  that  the  rapid  developments  in  the  techniques  of  the  response  analysis  of 
structure  for  earthquakes  (the  dynamic  analysis  of  structure)  along  with  a  recent  rcaiarJMblO 
progress  of  electronic  computers  were  the  background  of  this  alteration  of  the  lati. 

Althotigh  we  had  been  annoyed  by  the  absolute  deficiency  of  land  and  overcrowded  state 
of  buildings  in  the  city  region  of  Japem,  we  took  the  interest  to  raise  the  open  space  ratio 
of  tha  city,  and  to  raaxranga  tta  ei^  for  ■oca  graan  ^pacaa  by  oonaldamtion  of  tiia  build- 
ing  volwa  linitation. 

In  ordar  to  aaaure  tha  struatural  safaty  of  tall  buildlnga  aaoaading  45  aatars  In 
haight,  an  Sxaninatlon  Board  was  sat  up  in  tha  Hinlntry  of  oonatruetlon  In  Saptasbar*  1964. 
Iha  Beard  vaa  tranafarrad  to  tiw  BvaluatiAn  Ondttaa  of  Hlgh-^liaa  Building  Stnieturaa, 
tin  Building  Camtar  of  Japan,  in  August,  1965. 

Iha  atjnictoral  designs  of  high-rise  buildings  aro  carried  out  generally  in  accordance 
with  the  "Guide  Lines,"  usually  eniploying  dynamic  response  analysis.     Docxanents  and  drmings 
of  the  structural  ^*»«5ion  nrf  presprtpd  to  the  Building  Center  rif  Japan  by  a  structural 
engineer  and  tie  ttxpiaing  tiie  outline  of  design  to  all  Denbers  of  the  committee.     After  this 
hearing,  a  sub-comaittee  consisting  of  appropriate  number  of  the  committee  meiabers  and 
saivaral  othar  spacialists,  if  nacessary,  is  orgiuiizad  to  investigate  the  dasi^  in  detail. 
Iha  sab>eandttaa  reports  ita  eoaaluslen  to  tha  BaiB  eoaadttoa,  and  tha  daeisien  on  approval 
is  ttada  by  tha  veta  of  all  ooaaittaa  aaobars*    Detailad  ascplanation  on  tha  funetion  of  tha 
Bvaluatlon  Conadttaa  appears  in  tha  litarntura.   Finally  it  is  aiAjaeted  to  approval  of  tha 
Ministry  of  construotlon. 

HiadMr  of  high-rlsa  buildings  uhieh  have  bean  approved  by  either  the  Exaninatlon 
Board  in  the  Ministry  of  Construction  or  by  the  Evaluation  Oaaaittae  of  High-Rise  Building 
Structures  in  the  Building  Center  of  Japan  is  about  300  cases  fron  March,  1963  to  February, 
1977.     Omitting  special  type  structures  such  as  high  chimneys,  towers,  etc.,  from  these 
cases,  and  classifying  them  into  S  (steel  structure  for  the  main  parts)  and  SRC  (composite 
steel  and  reinforced  concrete  structure  for  the  main  parts)  types,  their  general  trend  of 
current  earthquake  resistant  design  are  briefly  discussed  in  this  report. 

2.    USE  AMD  SIZE  OF  BUILDINGS 

NuiRbers  of  data  which  have  been  used  in  this  report  are  76  eaaes  for  SR  and  160 
cases  for  s.    Theaa  ntaibara  are  all  tha  data  available  to  the  author,  and  fom  95%  of  the 

pertinent  data. 

The  histograms  for  the  use  of  buildings  are  as  follows: 
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txam  thia  trand  of  oaa,  it  la  aotad  that  tha  boildiikga,  which  are  adoptad  into  SilCf  are  tiaad 
in  amy  eaaas  for  tha  vartaant  hooaa,  bo^pltal  and  Jaaafc.   It  aaana  to  ba  all  ri^t  to 

consider  that  the  reason  for  this  adoption  into  SRC  are  to  raise  the  rigidity  of  stmotwca 
anr^  r«<;i-r»in  the  defonoation.  On  tha  other  hand,  about  2/i  of  tba  hlgh^xlaa  buildlaga, 
trtiich  are  constructed  with  S,  ^lre  used  for  the  office. 

The  histograms  for  number  of  stories  are  illustrated  in  Figs.  2-a,b,b'.    When  the 
nvanber  of  stories  is  distributed  10  to  60  stories,  xts  peaX  is  14  to  18  for  SRC,  14  to  30 
for  8.   Iha  bMiMMtta  ranged  0  to  S  ataeala  far  aus$  0  to  C  liar  i.    It  baa  a  tzand  tbat  tba 
8  atruotora  la  4  or  S  storlaa  tailor  and  i  stexy  de«f>er  tbaa  tba  sac, 

iba  total  floor  area  of  tba  buildiaga  i«  diatributad  firan  9,000  to  220*000      and  la 

2  2 
ocnoantratad  on  30*000  to  40,000  ■  .    Iba  Qqploal  floor  araa  oecupiad  1,000  to  1,500  ai  for 

ttia  BOBt  part.   Ihoagh  tiw  baigbt  of  tha  highaat  buildtag  in  Japan  la  226.3      tha  baigfata 

ara  50  to  79  «  for  HDot  buildings.   Although  tha  dampest  foondation  bad  sots  on  G&-43  s, 

Vbm  daptha  of  ths  foondatien  bad  are  looatad  <^12     20  m  for  noot  casaa. 

3.    VIBMISIOH  GBMrnCOBlZPinCS 

3-1  Modallng  of  Struetiiro 

The  structure  is  so  conplex  for  space  or  plane  and  the  oiechanical  property  of 
materials  is  not  so  simple  that  it  is  impossible  to  analyze  the  structural  characteristics 
which  remain  intact.    In  the  case  of  dynamic  analysis*  the  model  constructed  in  mathanat^ 
ically  sinfile  forms  is  necessary. 

A  general  method  of  modeling  is  the  method  that  concentrates  the  mass  at  each  floor 
laval  and  eonnaeta  aona  ^rlaga  txem  floor  to  floor,  ao  oallad  tba  idaallsad  Ivpad  aaaa 
vltacaftioB  aystan.   tba  ahaar  nodal  and  tha  flsnual-riiaar  nodal  axo  naed  for  alaatie  caapooaa 
analysis,  but  ttis  aiploynant  of  the  f  iaxaal-shaar  wodal  ta  Mora  iddaly  naad  ttaaa  tba  Aaar 
■odal  in  racont  yoara. 

&  ffanaeal  nathod  of  tha  naa  of  springs  for  iaalaatic  responsa  analyala  is  as  follows  i 
tba  force-deformation  curves  of  the  open  frame  (Rahmen)  and  of  the  quake  resisting  wall 
ara  datanslned  ra«paetiv«ly  as  shown  in  Pig.  3,  and  than  tha  eorve  of  the  atory  la  ototalnsd 
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by  cumulating  these  curves.    And  simplifying  the  curve  of  the  story,  the  story  spring  is 
^KPCDxiaatad  to  the  polygonal  IIm  as  bl-llaaar  oc  tri*liiMar. 

Tha  aliaar  aodal  Is  tissd  for  inalastic  rasponsa  analysis.    If  tba  flaiinral-diaar  Hodal 
is  oaad  for  alastle  analysis,  1£bm  a^iivalant  shear  nodal  uhldi  la  oonstruetad  with  tiia  aana 
fundaMOtal  period  and  vUHcatlonal  mode  of  tiie  above  wodel  Is  used  for  Inelastie  analysis. 

lha  Matograois  of  the  vlsoous  danplng  rstlo  for  the  findanontal  period  (h^)  are  rtwsn 
in  rigs,  4-a*  b  where  its  peak  is  5%  for  SBC  and  2t  for  S.   Tlie  results  of  vibration  tests* 
indicated  that  thm  actual  structure  did  not  have  the  danqping  mechanisai  idiich  was  in  propor- 
tion to  the  frequency.     In  the  structural  designs,  a  method  which  increases  the  damping  for 
the  higher  modes  as  the  type  of  frequency  proportion,  assuming  constant  values  for  the  fund- 
a  snental  and  the  2nd  nodes  (for  the  3cd  node  and  so  on,  if  necessary) ,  has  been  more  and 
more  employed. 

3-2    Natural  Periods  and  Design  Base  Shear  Coefficients 

The  relationsMps  between  the  fundHientel  pwlod  {T^i  and  the  water  of  storiw  (■)  are 
plotted  in  Figs.  S-a^bp  6-afb  etaere  H  in  Pig.  S  denotes  the  nvaber  of  all  sterlae  ineludiag 
the  baaananta  and  panthouae  and*  K  in  Fig.  6  the  notfber  of  atoriaa  above  ground  only  (eaoapt 
^e  bBtansnt  and  the  penthouse) .   in  tteae  flgureSf  on*-dotr-daab-lina  is  for  *^«0.1H  fxoa 

and  tba  tso-dots-da^lins  is  fox  T^-(0.0&vo.lN)  froH  tbs  foranla  reoooMndad  in  tba  "Guide 

Line."    The  relatl<^  between  "T^"  and  "N"  is  approximated  by  a  formula  T^*0.06lll  for  S9Ct 
T^aO.OSN  for  S  in  Pig.  5,  and  Tj^=0.08N  for  SRC,  Tj^=0.lN  for  S  in  Fig.  6. 

Since  the  relation  between  the  2nd  order  period  (T^)  eind  the  fundamental  period  (T^) 
has  small  dispersions,  a  linear  equation  T2"0.364T^  for  SRC  and  T^=0.254T^  for  S  by  the 
method  of  least  squares  passing  through  the  zero  point  can  be  found  as  sho%m  in  Figs.  7-a,b. 
The  difference  in  both  approaciaate  expressions  is  so  little  that  it  would  be  alnost  adequate 
to  consider  a  relation  Tj'O.seT]^  as  the  approxinate  eivresslon. 

Ibe  relation  betifeen         and  "C^**  are  plotted  in  Figs,  a-a^b  ebere  c^  is  the  design 
base  sbaar  ooeffieient.   The  "Guide  Line"  has  C^«(0.18ni0.3«)/Vj^  and  o.0S<c^0.2, 

and  haa  advanead  an  opinion  tiiat  the      daexeases  fzoai  above  fomula  to  (0.15'M>.30)/r^. 
Fran  the  aetnal  state  of  designs^  Most  of  thaa  are  in  tba  range  of      (0.24^0.42)  and 
the  designers  have  attempted  to  design  structures  using  the  more  severe  criterion  than  the 
"Guide  Line."    This  is  because  they  expect  that  the  satisfactory  structural  safety  is  to 
be  achieved  only  sx^ecifying  the  sufficient  capacity  of  section,  even  if  it  means  a  little 
wasteful  design,  since  the  high-rise  buildings  have  had  no  experience  of  gretater  earthquakes 
and  their  seifety  has  not  been  sufficiently  proved  in  practice. 

4.    IMPOT  BXCmVIOHS  AHD  THB  HAlTMnil  XNPIR  JkCCXIiBMlTIOIIS 

The  histograms  of  the  employed  earthquake  accelerograms  are  shown  In  Figs.  9-a,b 
idiere  its  trend  are  alike  for  both  cases  of  SRC  and  S.    £l-Centro  NS  is  used  in  alnost 
aU  daaigns  as  tiie  staadaxd  eaeiutians  and  Taft  W  is  used  in  tba  oases  of  80    90  per- 
cents.   It  is  hoped  truly  that  the  hlfl^riae  buildings  are  going  to  be  designed  by  El-centro 
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m  audi  ca£t  nr  in  JapiA.   tlie  acoelMPograwa  obsarvaa  in  Jt^m,  voUqpo  101  MB,  s«adai  SOI  m* 
Oaaka  205  BN,  atd.  am  Mploywd*    Xt  la  polatad  oat  In  a  fav  oaaaa         Bachinob*  nr, 
afiiidi  givM  laz9«  zaqponaaa  of  tha  atruotara  with  Xongar  ftnOanantal  parioA*  aad  BL<-Cantro 
IB,  ahich  haa  laxga  affaota  on  tba  atruetuiaa  with  fandanantal  pariod  of  about  2  aac,  aza 
•lao  enployed. 

Figs.  10-a,b  give  the  maxinniin  Input  accelerations  for  elastic  or  inelastic  responaa 
analysis,  generally  200      250  gal  for  the  former,  and  350      400  gal  for  the  latter. 

In  the  design  methods  based  on  the  maximum  input  acceleration,  even  if  several  waves 
are  employed,  only  one  wave  of  them  gives  the  maximum  response  because  that  they  all  have 
laAivldaal  frequency  oharaotariatloa.    Mwely,  In  praotloa  It  la  aqolvalant  to  tiia  daalgn 
vqployiiig  oaa  wavat  and  thatafota  in  aavatal  oaaaa,  tha  daalga  Mrthod  baaad  on  tha  waxL- 
mm  Input  valool^  la  Mplcqfad.   fee  tlia  valaa  of  tba  valooity  oorzanpondlng  with  the 

aooalasatlon,  25  kina  for  alaatlo  analyala  and  40  fclna  for  Inalaatlo  analyala 
ara  uaad. 

fte  tiM  aoala  for  aatliMtlnn  of  tha  raiponaa  of  atmetora,  ita  atandard  value  haa  bean 
aaed  as  followsi 

The  angle  of  story  deformation: 

1/250  ^  1/200  for  elastic  analysis, 

1/150       1/100  for  inelastic  analysis. 
The  ductility  factor:      p  ^  for  inelastic  analysis. 

S.    PKSEM8  or  IBB  EB8IGH  FOR  BMSH-BISB  B0II»ZII6B 

Osing  the  value  of  the  design  for  high-rise  buildings,  studying  the  present  state  of 
the  design  and  dynamic  analysis,  I  ralae  eavaral  points  with  regard  to  the  design  and  future 
BiiiiaGtB  of  naaasdh  as  folloiiat 

1)  Inatltntion  of  Xnipat  Bxcltation 

As  tha  *anida  Xiiaa*  has  raw,aMaiidad  that  a  aultriblo  input  aneltatlan  mat  ha  dioaan 
in  oonaidaratioa  of  aite  or  foundation  oondltion,  tha  aotual  atatea  of  tha  daaign  haa  hardly 
tahen  into  oooaidaratlen  tha  afteaSHuitionad  eeodltioQ*   Iba  davelosaent  of  the  "Standard 
Ateitation"  and  the  nathod  that  takes  into  account  the  aalsnlcity  and  dynsMlc  eharactarlctlea 

of  groxind  at  the  site  of  the  structure  are  naoaaaary. 

2)  Level  of  Input  Excitation 

In  the  present  design  method,  250  gal  for  elastic  analysis  and  400  gal  for  inelastic 
analysis  are  widely  employed,  though  there  has  been  no  investigation  on  the  safety  of 
atrueture  idian  the  greater  earthquake  than  the  designed  one  oecu».    It  is  necMsary  to  oon^ 
sidac  tha  oritarla  to  be  uaad  to  parfora  tha  abovaBantionad  Invaatlgatlon. 

3)  BatsblirtBMnt  of  the  Ikaatorlng  Foroa  Gharaotariatlea 

In  tha  oeaa  of  aatahllahlng  the  reatorlag  foroe  oharaeteriatloa  of  tha  building  aturlaa, 
tha  nathod  that  bubb   up  tha  ecwea-dafonatlcn  eumia  of  tha  fzaae  and  qqaka  raaiatSng  wall 

which  is  Individually  calculated  la  eaployad.   hltiioogh  the  propriety  of  this  method  is  not 
yet  verified,  it  is  nneaaaasy  to  pE»va  the  atzuotaral  behavior  lay  larga-aeale  eaqperiaente, 
vibration  teat,  etc. 
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4}     nraatMnt  of  fiuaka  MaiAtiov  WkU, 

Using  tha  Mttasd  by  vlilcli  tiM  rsinforoad  oaiieKate         aaoh  as  a  toundazy  mil  of  tlM 
zocNB  at  botol  or  a  wall  of  tha  surxoundlng  oom  aro  daslgnaA^  tiw  non-realstlnig  vail  ar* 
dssigiiaa  fay  the  tEOBtaBsnt  of  datall  and  liio  nst  oaaaa  are  dealgned  for  taw  cfon  f nna 
BtmotiKO.    It  is  nooaasazy  to  raconaldar  haw  tha  aaOiod  of  this  txaataant  la  to  aia  tha 
oonraot  dlraotion  of  tha  atruotural  daslgn. 
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Racking  Strength  of  Wood-frame  Walla 

lOGBR  L.  nOHI 
For««t  Pxodueta  Laboratory.  Hadlooiit  ViaeoDSln 

ABST8ACI 

Bvaltuitlon  of  the  racking  atrangth  of  wall  ayatana  tiaa  ganarally  baan  linltad  to 
perfotaanea  taatlng.   Aeeaptaaee  erltarla  for  ultimate  raeklns  atrengtli  of  aliaatliad  nalla 
are  baaed  oo  the  etrength  of  a  mil  iflth  e  let-la  eomer  breee  end  taoriaontal  board  aheatli- 

ing. 

An  eaelytleel  oethod  for  predicting  racking  perfoxiaukce  baa  been  developed  tbet 
eppeare  proalalBg.    It  la  Independent  of  panel  alee,  end  anell-eeele  teata  can  be  uaed  to 

augment  the  more  costly  standard  teata.    A  small-acale  loading  apparatus  waa  dealgned  for 
rapid  testing  of  wall  sections. 

Let-In  comer  brecea  nalng  todaj*a  conatmctlon  aethoda  and  naterlala  no  longer  naet 
«v«A  the  flditlaim  level  of  eeeeptanee.    This  la  dee  to  the  elinlnatlon  of  horlaontel  boezd 

sheathing  and  Che  reduction  in  actual  lumber  sizes  vrhlch  took  place  since  the  racking 
perforaance  atandarde  were  eatabliahed. 

Sacking  atlf fneaa  la  an  laportant  perfomenee  eonalderatlon  that  bee  not  been  Inveatl- 
geted.    Mew  tenting  apparatua  haa  been  dealgned  that  will  aake  poaalble  future  evaluntione 

of  racking  stiffness. 


KEyHOBOSt   lacking  etMogtb;  WlndlMda;  Inplena  ehear  forceas  Comer  braeat  Sacking  atlff- 

ness 
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INTRODUCTION 

The  racking  •crengch  of  a  wall  aysten  is  defined  aa  its  ability  to  reaiat  borisontal 
ioplaoa  aliMt  forcaa.  Ihaaa  foteaa  avlaa  ptlaMttly  ttam  wind,  bat  ar«  alao  praaant  undav 
eavthqaaka  loadliiBa.  CimaDC  daalgn  pxaeaduraa  In  ttaa  United  Stataa  for  ealeulatlag  wind 
f oveaa  are  publlahad  by  Che  Aaariean  national  Staadarda  Inatltute  (1)  M 

Evaluation  of  vood-fcane  wall  ayatens  haa  genacally  been  linltad  to  perf otwuee 
taatlng*    Ibia  tadmlqiia  baa  bean  used  baeaoaa  no  analytical  aetbod  for  predicting  raeklag 
parfotMace  baa  yet  been  accepted. 

BACiOSBOUin) 

Vor  tbe  first  balf  of  thta  century,  wood-franed  walls  were  typically  built  with  bori- 
sontal board  abeatiiing  with  lat-ln  comer  breeee.   Wltb  tbe  developnent  of  plywood  and 
flberboarda,  tbe  building  Industry  Aandonod  tbe  tradicionnl  board  abeetbing  la  favor  of 

the  more  labor-efficient  sheet  products. 

In  1949,  tbe  Federal  Bsuaing  Adnlalatration  (IHA)  eatabllabod  ninlnwi  perfocnnea 
ataadards  (2)  aa  the  baaia  for  accepting  neu  alieathiag  nateriala.   The  original  ataodard 

was  Intended  aa  an  Interim  masure  until  a  pemanant  one  could  be  Introduced.    None  has  yet 
been  developed,  but  a  standard  racking  test  procedure  was  approved  by  the  American  Society 
for  Tea ting  and  Materlala  (ASTM)  Q),    With  thla  procedure,  the  ataadard  teat  paaela  are  8- 
by  8-foot  (2.4-  X  2.4-b)  wall  aactlona,  fabricated  with  nonlaal  2-  by  4-lnch  (50-  x  100- 
sb)  li«d>er  and  covered  with  two  ahaets  of  4-  by  8-foot  (1.2-  x  2.4n)  aheatking.   This  . 
construetlOB  elBulatea  eanvaatlonAl  platfozm  ec^tructlon  witb  atuda  apaced  16  inches 
(400  am)  apart. 

Coaaldereble  wall  testing,  conducted  prior  to  1949,  indicated  that  horiaontal  board 
sheathing  with  let-In  comer  bracing  provided  a  nlniaun  ncklng  atrength  of  5,200  Ibf 

(23  kN)  for  Che  8-foot  (2.4-iB)  square  wall  sections.    Experience  with  existing  houses 


y  Underlined  nunibera  In  pareatbeeia  indicate  refereneee  lleeed  at  end  of  thla  report* 
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•bowed  this  to  be  aa  adequate  level  of  perforaanee.   All  atrncearal  ebeathliig  naterlala 
were  raqwtrad  to  iMat  thle  staodaxd. 

With  the  new  aophaala  on  anersf-efflclant  eoaatractloa,  aanj  nonetructiiral  sbeet 
pcodueta  are  tn^axiag  on  tbe  narkat.   Thla  baa  foread.Baa^  boUdera  to  Tevert  to  aaebaiil' 
eel  bracing  ayatana,  ancb  as  let-In  lwd»ex  or  netal  atrapa. 

STRDCIURAL  SHEATBIN6 
DevelopMnt  of  tbaory 

After  testing  swraral  etandard  nail  panels  at  tbe  Foreet  Frodueta  Laboratory  (FPL),  It 
bacaaa  apparent  that  racking  strength  was  controlled  by  fastener  capacity  rather  than  by 
tbe  shear  screngch  of  the  sheet  material.    FPL  then  developed  a  theory  to  predict  racking 
strength  of  ahaatblng  aatarials  nschanlcally  faataned  to  a  atwd  fraoa.    Iba  aquation  ma 
derived  by  an  enaxgy  f  ormlatlon  shereby  the  axtemally  applied  load  Is  resisted  by  tbs 
Internal  eaargy  lAaocbed  by  the  faataaera.   the  frana  la  aaeoned  to  dlatort  like  a  parallel- 
ogran  while  the  aheathing  remains  rectangular.    Ite  structural  analog  la  shown  on  figure  1. 
The  equation  for  the  resistance  provided  by  the  perimeter  nails  of  a  single  sheet  of  sheath- 
ing lat 

R  ■  sr  sin  a 

where 

R  Is  racking  atrengch  of  one  aheet  of  naterlal  (Ibf  or  H), 

sr  la  product  of  slip  tiaaa  xaalstanee  of  a  alngla  faatener  (ult Inate  lateral  load) 
(Ibf  or  K). 

o  Is  aretan  (baae  of  aheet  divided  by  Its  height), 

n  is  nuiaber  of  nail  spaces  on  one  horizoatal  edge,  and 
m  is  ninber  of  nail  spseee  on  one  vertical  edge. 

The  total  racking  strsngtb  provldsd  by  the  perlaeter  nalla  of  a  wall  aaaaiAly  le  then 
the  ebove  reeolt  tlaes  the  nniber  of  sheets  of  nsterlal  plus  tlhm  strength  of  tbs  stud 

frame. 
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Howwer,  tMs  relAClonahip  Is  m^llcAted  bgr  fcb*  fact  that  nost  ahMts  also  hava 
Intarlor  ot  flald  nails.   Thass  flsld  nails,  balag  elosar  to  tlia  eeaerold  of  tlia  sfaaat, 
of far  far  laaa  rasiataaee  than  the  perlaeter  nails  (5  to  10  pet),  bttt  their  eentrllNtlton 

should  nonetheless  be  considered. 

The  above  equation  can  he  aodlf led  to  Inelnde  the  eontrihutlon  of  Oe  Interior  fasten^ 
ers,  end  reeking  eoefflelente  ealenleted  for  standard  sheet  aises.   A  Vhreet  Products 
leboretory  report,  "Llghtfrane  Wslls—A  Theoretlcel  Solution  for  Predicting  Saefcliig,*'  will 

be  available  later  this  year.     It  will  cover  the  develO[nitent  of  this  theory  in  detail  and 
will  Include  racking  coefficients  in  table  focn. 

SBBll.>Seale  Teete 

The  theoretical  equation  considers  the  geometry  of  the  sheathing,  the  number  of  horl- 
sontal  and  vertical  nails,  and  the  lateral  resistance  of  the  fasteners,  but  is  independent 
of  penel  else.   Figure  2  ehoin  the  correlation  between  theoretlcel  and  eetuel  reeking 
strengtii  of  both  2>  by  2-foot  (0.6-  z  0.6-«i)  end  9-  by  6-foot  (2.4-  x  2.4^)  test  psnele. 

Since  the  fuli-scaie  3-  by  8-foot  (2.4-  x  2.A-in)  tests  are  cumbersome  and  expensive  to 
ran,  FPL  designed  e  •nall-eeele  loedlng  eppececus.  It  cooalste  of  «  pentogcepb  fceae  which 
iB  pinned  et  four  comere.  The  lower  neaber  can  ewlng  freely  but  will  elways  rcBsln  hori- 
sontal.  The  teo  etructurel  nnbere  end  the  plnned-eonnector  etrepe  form  e  parallelogran  at 
all  tinee,  elinlnetlng  the  need  for  hold-down  devices  et  the  comere.  The  prlnelpel  advan- 
tage in  this  arrangement  is  that  the  applied  load  direction  can  be  reversed  to  study  the 
effect  of  cyclic  loading. 

Deflection  readings  ere  obtained  by  neesurlng  the  ehenge  In  diagonal  length  between 

opposite  comers  of  the  test  speclnen.    The  current  ASTM  Standard  (2)  requires  three  slnul- 
taneous  measurements:    gross  horizontal  corner  deflection,  slip,  and  rotation.    The  net 
reeking  deflection  oust  then  be  celculeted  for  each  load  level.   With  the  dlagonel  die- 
plecMent  aethod,  loads  end  net  deflections  are  obtelned  directly. 
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Lateral  Nail  Teats 

Since  tha  lateral  nail  strength  of  fasteners  Is  a  parameter  needed  for  predicting 
racking  strentth*  It  Is  Instant  that  the  lateral  nail  taats  repraaant  tha  actual  wall 
conatcuctloa. 

Two  standard  nail  tests  are  used  in  the  United  States — ^ASTM  D  1037  (4^)  and  ASIM  D  1761 
ASIM  D  1037  waa  deaicnad  for  evalttatlng  tha  prop«rtlaa  of  Hood-baao  fiber  and  particle 
paaal  aatarlala.   With  thla  Mthod,  tha  nail  ahaidi  la  aopportad  by  a  ataal  atlmp  and  la 
pullad  through  tha  adga  of  tha  ahaat.  aatarlal.   Thla  nathod  la  adaqaata  for  lower  atrangth 
■atarlals,  but  may  not  Indicate  tha  node  of  failure  in  actual  racking  Jointa. 

♦ 

With  atrongar  aatarlala,  aueh  aa  plyaood,  tha  joint  failure  nay  occur  In  the  linber 
rethor  than  the  aheathlng.   To  batter  eiaolate  tha  actual  Joint  for  hlghar  atrangth  ahaath- 
lag,  a  Modified  verelon  of  the  A8IM  D  17(1  teat  procedure  la  reeaoBended*   Thla  teat  «aa 

designed  for  conducting  lateral  nail  tests  In  vrood.    The  modification  recoomiended  Is  that 
the  cleat  is  a  piece  of  sheathing  material  and  the  block  is  an  actual  piece  of  framing 
lunbar  takaa  fron  tha  teat  paaal.   Tfaua,  the  actual  aatarlala.  from  the  racking  taata  are 
mated  da  tfaa  lateral  nail  taeta. 

The  distance  between  the  nail  and  the  edge  of  the  sheathing  is  also  very  Important. 
The  effect  of  edge  dlatanea  on  lateral  nail  strength  la  ahown  in  figure  3*    A  3/4-inch 
(19-nO  end  dlatanea  aaa  aalacted  for  the  valna  need  la  aquation  (1)  bacauaa  It  beat 
rapraaanta  tha  dlaplaeeaent  of  tha  tenelon  comer  naUa*  ahleh  are  the  erltlcel  onea. 
Nalla  along  a  vertieel  Joint,  lAiere  two  eheete  butt  together,  are  eleeer  to  the  edge,  but 
their  dlaplaeeaent  direction  is  essentially  parallel  to  the  edge  rather  than  toward  It. 
Half  tha  nalla  have  dlaplaoaaant  ooaqionanta  tomrd  the  center  and  are  not  affected  by  edge 
dlatanea* 

LKT-TN  CORNER  BRACES 

Many  changes  In  construction  practice  have  occurred  since  FHA  established  the  minimum 
parfozmnice  atandard.    Horlsontal  board  aheathlng  la  no  Irager  naed»  and  tha  actual  else  of 
dlaenalon  liMiber  haa  been  reduced.   Some  building  oodea  currently  eecept  the  let>ln  comer 
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brace  when  nonstructural  sheathing  is  used.    However,  few  tests  have  been  made  on  walls 
with  l«t-in  eoroar  bcaclng  Bloce  ths  perfomaace  scaodard  was  developed. 

FPL  conducted  e  few  teats  to  deternliie  the  eepeettj  of  let-in  come*  b'Vecae  wltii 
todxf^a  aaterlela.    TIm  first  tests  did  use  borlzentel  board  eheetfhlng  to  reefflm  the  TKA 

requirements,  and  5,200  Ibf  (23  kN)  was  attainable.     The  horizontal  board  sheathing  supports 

Che  brace  agaloBC  ootwerd  buckling  «ad  also  reinforces  the  ecud  frame.    This  me  not  the 
ease»  however,  uben  the  hortsontel  boerds  were  eliHlaBted. 

Let-In  comer  braces  ere  generally  1-  by  4-inch  (25-  «  lOOnn)  .boards  cut  Into  the 
frame  and  secured  with  two  nails  per  stud  crossing.    They  can  act  either  in  tension  or 
coepresolon  depending  upon  the  load  direction.   Figure  4  Shows  a  typical  hraee  under  ocmk 
pression  loading.    Braoee  loeded  in  this  asnner  failed  violently  in  hu^Eliag  Ilka  a  slendar 
colon,  or  elee  the  etud  frene  slowly  eene  eiwrt.    The  etxeogtb  of  eoopreaalon  braces  was 
calculated  by  the  following  equation  for  an  ideal  column: 

P  -         aina  (2) 

IT 

in  which 

P  la  applied  racking  force  (Ibf  or  1f)» 

u  is  angle  between  brace  and  vertical  member, 

a  is  end  condition  coefficient  (use  a     1  for  pinned), 

E  Is  aodttlus  of  alastidty  of  the  hreee  (pel  or  kPa), 

I  la  aaaant  of  Inertia  of  the  brace  (tn.^  or  ib^)»  and 

L  is  WMupporeed  clear  dlataaee  between  studs  along  the  brace  (In.  or  h). 

This  approach  worked  felrly  well  for  braces  with  a  nodulos  of  elesticity  up  to  ebeut 
1.6  nilllon  pel  (11,000  MPs},  hut  boyoad  that  atlffnaaa  the  etud  frawe  alnply  ease  apart. 
The  oltiaete  load  when  good  quellty  braces  are  uaed  la  controlled  by  the  stud  wall  and  Is 
around  3,600  Ibf  (16  klO« 

Nhen  loeded  in  tenoion,  racking  strength  1«  provided  prlHtrlly  by  the  lateral  nail 
atrength  of  the  nalla  which  secure  the  brace  to  the  etude.    The  — irt^^i»  racking  load  la 

VI-30 


Digitized  by  Google 


lower  for  taaeos  loaded  in  taneioii.  Further  dloeueeloii  on  breceo  1*  prvMttted  la  en  upeoa- 
Ing  FPL  Report,  **Beeld.ng  Strength  of  lectin  Comer  Bracing,  Sheet  Heterlela,  end  the  Effect 
of  Rate  of  Loading."    This  report  should  be  available  In  a  £ew  months. 

nilQBB  BESEAKCH 

One  laportaat  eoneideratlon  thet  hee  not  been  reaolved  for  reeking  perfonanee  la  that 

of  racking  stiffness.    Traditionally,  racking  tests  have  been  run  essentially  to  failure 
without  auch  attention  to  the  shape  of  the  load-deflection  curves,    nie  initial  loading 
piodaeaa  a  patiibolle  curve  with  no  «aU»def  load  atlf  fiMtaa  valoa  or  llait  of  proportionally, 

Sewever,  In  the  few  eeeee  lAere  ejrelle  loedlng  wee  perfomed.  the  loed-def lection 
curve  became  fairly  linear  and  reproducible.    This  was  true  for  lateral  nail  tests,  wall 
racking  teats,  end  full<-scale  house  tests,   ri^ure  S  le  on  exsaple  of  e  well  reeking  test 
cycled  five  tiaee  pr'ior  to  loading  to  fatlwre*   The  firat  loading  doea  produce  a  degree  of 
aat  or  aaatlag  of  the  faatenera,  hot  it  appaara  to  be  a  eonatant  value  for  a  given  loed 
leivel. 

In  ofnatlon  (1)»  the  lateral  faaeanar  strength  wee  given  ae  bt,  the  product  of  slip 
tiwaa  reateteace  or  atiffneaa.    If  this  stiffness  property  can  be  better  defined,  then  it 
would  be  pooalble  to  predict  racking  veaiataace  for  atgr  level  of  deforwation. 

FPL  recently  built  a  new  racking  frame  that  is  capable  of  cyclic  load  reversals.  It 
can  be  pzograniMd  to  cycle  between  desired  llaits  of  diaplecsnent  or  load  level*   Also,  the 
freqaeocy  can  be  adjuatad  to  aiaulata  earthquake  eaeitation  or  dynanlc  wind  reoponae. 
Lead-defleetloo  date  can  be  aonitored  after  1,  10,  100,  1,000,  or  any  deaired  noaber  of 

cycles.    A  study  is  scheduled  for  later  this  year  to  use  thle  new  apparatus  in  an  attespt 

to  develop  racking  stiffness  inforoation. 

BDHHMnr 

A  reletioosliip  beCMsen  theoretical  and  actual  radcEag  atvength  haa  been  developed  that 
appeara  quite  promising.    SHall-aeala  tests  can  be  used  to  augnent  the  asra  oabaraona  and 
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•xpenslve  standard  tests.    The  snail-scale  tests  should  provide  a  quick  and  easy  way  to 
estiMte  the  raeklBK  ytopartlM  of  mm  «bMt  Mt«n«lB, 

The  eetwil  p«irf»nane«  of  lee-lo  eonier  braeea,  wLehout  tho  horlsentol  boord  ahoothlat, 

is  well  below  the  5,200  Ibf  (23  kN)  level  required  by  FHA.    Although  the  strength  and 
sciffoess  of  the  brace  are  iaportant,  a  level  is  reached  where  the  stud  frame  controls 
ttltlMte  •trength. 

Itaeklng  stiffnees  le  an  Inpertant  perfozmiee  eonslderatlon  that  has  not  been  inveatl* 
gated.    A  new  test  apparatus  has  recently  been  designed  that  snould  enable  researchers  Co 
atudy  the  aciffneoe  pcopertiee  of  well  ejatcae  voder  eydlc  loading.   Iheae  teats*  totetbec 
with  e  theoretleel  design  approach,  ahould  pcovide  e  neent  for  predieting  raekiag  reststsaes 
ee  vartons  levele  of  load  or  defleetlott  below  ultlaete  etrength. 
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ORIGINAL  PANEL 


DISTORTION  UNDER  LOAD 


Figur*  !•    Original  panel  shows  par^eters  necessary  to  calculate  racking  strength. 

Under  load,  the  frame  distorts  like  a  parallelograa  while  the  sheathing  remains 
rectangular.    Tlia  dlraetlon  and  zalatlva  nagoituda  of  th*  nail  dlaplacanaats  ara 


FtiidM  2.   Hm  nlAtloiWIiip  baMMQ  theoretical    Figure  3*    Lataral  nail  atvaagtlk  at  various 

and  actual  racking;  strength  for  both  edge  distances  for  four  QTPW  of 

full-scale  and  smali-acaie  test  flbarboard  sheathing. 
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Ftgiura  4.   ScboMCle  dlagrw  of  *  X«t-in  eomar  brace  being  loaded  ia  eoBpreaaloii. 


1  1  1  1  1  1  1  1  1  1  \  r 


oeFiecrioM  am 

FlgMta  5.    Typical  load-deflectloB  pattern  for  cyclic  loading  of  wall  panel.    Gnrve  ' 
becanea  fairly  llaaav  after  Che  firat  cycle  aoeta  the  faateners. 
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In  an  effort  to  help  draft  an  earthquake  disaster  mitigation  prograa.  an  evaluation 
—thod  for  AmMngtm  of  atruetiirafl  by  aaxtiiviakas  la  proposad.  Oonotpta  of  tbm  ntioa  of 
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tlia  wathod* 

anmoDOSi    Damages  of  structure  by  earthquake*;  dlaaatoT  Bitlgatloa)  probability  theory f 
ratio  of  razed  houses;  wooden  houses 
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1.  ztnaoDUCTzoM 

h  consideration  in  the  evaluation  of  Oammgaa  of  stxuctures  by  future  earthquatee  is 
poeopossd  herelA.   This  waoB  help  isx  drafting  an  aaythqnsks  disaster  aitigation  progxaa. 
Prior  to  avaLuating  the  loaaas  of  livea  and  daagaa  to  tiks  stmoturss*  the  dMisgea  of 
houses  vera  assigned  an  index  in  texna  of  the  whole  losses  and  dsMtgss. 

For  Instance,  H.  Mlzuno  and  s.  Horluchi  presented  relationships  between  the  ratios 
of  outbreak  of  fires  and  those  of  totally  destroyed  dwelling  houses  caused  by  past  eartb- 
quake';  since  the  Great  Kanto  Earthquake  In  1923  as  shown  in  Fig.  1  {1) .     And  relationships 
between  the  losses  of  human  lives  and  those  of  rased  houses  in  the  Fukui  Earthquake  in  1948 
are  presented  as  shown  in  Fig.  2  (2) . 

The  equivalent  ratio  of  rased  house  (defined  in  Chi^ar  2) ,  idiich  ooiild  be  considered 
as  sa  index  of  principal  dansga*  is  sssuxed  as  folloMS. 

(1)  Vhe  equivalent  ratio  of  rased  houses  nonasliy  euQressss  a  seisnio  intensity 
oven  in  the  vleinity  aubjecsted  to  savera  eaetliqualEes,  irtiare  data  on  ground 
notions  sre  rsxely  ctatained. 

(2)  Moodoa  hottsas  are  limtiii  dwellings  in  tliis  oountry*  and  ni^  data  on  daaagaa  of 
wooden  houses  hSf  earthquskss  have  been  xaported. 


In  this  report,  the  equivalent  ratio  of  razed  houses  at  a  respective  site  by  a 
strong  earthquake  was  estimated  by  applying  statistical  relationships  among  the 
equivalent  ratios,  epicentral  distances  and  naqnitude  (Richter  Scale)  of  the 
earthquakes  reported  at  the  last  Joint  Meeting  (3,4) .    Furthermore  the  results  of 
the  evaluation  were  oonpared  with  actual  dansges  at  tiia  site  canaad  hf  the 
aartfaqnakee. 

2.    DSFIMITIOIIS  OF  DISTRIBUTION  OF  DAMAGE  RATIOS  OF  EXISTXHG  NOOOBH  HOOSBS 

CAUSED  BX  PAST  EARIBQaAKBS  (3) 


Osing  the  statistics  of  disaster  doeunsnts  on  short  distant  earthquakes,  lidni 
quahe  (N  -  7.3,  1948),  Isuhanto  Qki  Earthquake  »  "  6.e.  1974),  and  fl»ino  nrthquake 
<M  ■  6*1, 196B),  relatlenUhips  among  ratios  of  rased  houses,  epicentral  distances  and 
aitudea  of  earthquakaa  ware  zaported  (3) .    The  equivalent  ratio  of  rased  houses  is  defined 
asi 


...  Nunbar  of  Rased  Moaaas  •*■  0*5  x  Miwtoers  of  Half  Rased  Houses 
''l'*'  total  madaer  of  Bxisting  Houses  * 

Conclusively,  the  ratio  in  the  area  of  diluvium  or  tertiary  is  given  as  O^^  ^ 
tlia  area  of  allnviun  is  given  as  D^xi' 

0.625M     0.02SAM  -  0.272A 
Djj  -  1/164  X  10  w.w*aoH 

•  1/73  X  10°*^'***  *  0' 026AM  -  0.248A  (2) 

A  -  spicMtral  distances 

K  -  nagnitudes  of  earthquakes  (Ridtter  Scale) 
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AM  WtUMimOKt  MBIBOD  (V  DIMM3B  TO  WOOOBH  flOOSBS 


In  the  previous  chapter,  the  quantitative  relationships  among  the  equivalent  ratio  of 
razed  houses,  epicentral  distance,  and  magnitude  are  given  In  Eq.   (1)  and  (2).     In  order 
to  estinate  the  distribution  as  for  the  equivalent  ratios  in  Tokyo,  Kawasaki  and  Yokohama 
di«trlQt«f  tH«  MrthqiialM  1«  aiammtd  a*  folIOMt 
Migaltiid*       -  Mdim  cIm*  «■  6  to  7f 
fooal  dqptb    "  lasB  than  SO  k*/ 

C!pie«iitar       -  Mm>— d  as  tha  ««■•  point  loeatad  at  tStm  apioantax  of  JUiaai-Yedo 
Barthqpiaka  (1855),  l.a.,  B139.8*,  1I35.8*. 
In  ganatalf  woodan  houaaa  btfiava  elaatioally  Mini  relatlvaly  Mall  anplltutea  of 

deformation  induced  ilf  ground  notions,  and  elasto-plastically  with  relatively  large 
amplitudes.     H.  Umeimira  proposed  critical  seismic  lateral  force  coefficients  at  a  point  fxon 
elastic  to  elasto-plastic  states  as  0.4  for  one  story  houses  and  as  0.6  for  two  story 
houses.     M.  Mononobe  proposed  the  relationship  between  the  ratio  of  razed  houses  and  seismic 
coefficient  K  as  £q.   (3)  assuming  a  Gaussian  Distribution, 

inn     r  ^  -iTfrW^no^ 
D,  -  /        •  dK  (3) 


Fig.  3  shows  the  estiioated  results  by  applying  Eq.   (3)  to  Noubi  Eazthquake  (Ko  -  0.40, 
O  ■  0.053),  Pukui  Earthquake  (Ko  -  0.40,  O  -  0.071,      Kanto  Earthquake  (Ko  =  0.45»  O  • 
0*071) f  and  Sempoku  Earthquake  (Ko  •  0.47t  9  •  0.105).   According  to  this  figure,  tha 
original  ration  of  raaad  honaas  Dj*  oorraaponding  to  tha  critical  aalawic  ooaf f Icloot 
of  0.4  and  0.6  ara  20  to  50%  and  90  to  100%,  raqpaetlvaly.   So  tha  aultlpllMr  £  for  tha 
original  ratio  of  raiad  faonaaa  of  tm  atoriaa  nonBallaad  hg  thoaa  of  one  story  baoeiea 
1.8  to  5.0.    In  thi*  ragpcwt,  £  i«  anawod  to  ha  1.8. 

In  Eq.  (2) ,  the  average  depth  of  alluvial  deposits  is  assumed  to  be  10  to  30  tt. 
The  equivalent  ratio  of  razed  houses  at  the  area  of  thicker  alluvium  will  be  greater.  Fig. 
4  shows  the ' relationship  between  the  equivalent  ratio  of  razed  houses  and  the  depths  of 
alluvial  deposits  in  Tokyo  and  Yokohama  districts  during  the  Kanto  Earthquake.    The  data 
from  the  investigations  by  H.  Kawasumi,  Y.  Ohsaki,  S.  Onote  wd  S.  Miyamura  are  used  in 
this  estiaation.    JUsoordlng  to  this  figure,  the  multipliers  Y  for  the  equivalent  ratio  In 
tiw  aran  with  vBrloao  dapth  of  alltiyial  dapoalta  axa  avaluatad  an  ahown  In  TaUa  1. 
aoltiyltaca  are  aecaallBod  by  tha  i»«lo  at  allttwial  de^oalt*  10  to  30  «  daap. 


number  of  razed  houses 

•D, 


2     total  numebr  of  existing  bouses 
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Pig.  5  shows  the  deviations  of  the  equivalent  ratio  of  razed  houses  in  subground  type 
II  for  the  Fukui  Earthquake.     The  mimb^rs  on  the  abscissa  in  this  figure  correspond  to  those 
equivalent  ratxos  ot  razed  houses  in  Table  2.    The  deviations  sho«m  in  Fig.  5  are  relatively 
lavgtt.    conparing  tin*  daviatlons  In  FI9.  5  witb  th«  lunlMra  of  «xistiiig  woodm  liouMS  II  in 
nbl*  2,  it  oan      agaoBBd  ttmt  *V'  also  affMt*  tha  aviivalmt  ratio.    Zn  thia  rapoctf  tlia 
daviation  ia  aaaianad  to  ba  a  Mnnailal  diatribution.   Kiak  ladaacaa,  RZ,  «ihioh  owana  iwar 
control  llMita  tor  thraa  ataadard  daviationa  o£  tha  aqnivalant  ratioa  ara  Intxodnoad  aa 
follOMai 


RI 


in  Z 


(4) 


in  Z 


ia  which 


■  Uipper  liaiit  of  the  deviation  of  the  equivalent  ratio  of  rased  houaes* 

>  lower  linit  of  the  deviation  of  the  equivalent  ratio  of  razed  houses. 


■  tlia  avaraga  aqolvalaot  ratio  of  xaaad  hooaaa  in  tha  axaa  of  a  oartain  ranga 
of  «!pioantral  diatanea. 

A  binomial  distribution  can  be  approximated  to  a  normal  distribution  when  N  is 
sufficiently  large  and       is  sufficiently  small.    Tha  difference  between  these  distribution 
functions  is  given  by  Eq.   (6) , 

-  P  binoainal  "  F  normal 
C  N'  —  ^ 


-L 


(e^l/2-ll.D.)/  J  ll-D,  (l-D,)  _£ 
1  11        1     e"  2 


2 

du  . . .  (6) 


21T 


The  relationship  of  P.      and  R*  is  shown  in  Fig.  6.    According  to  this  figure,  a  binooiial 

o~n 

distribxitlon  approyimatee  to  a  normal  distribution  having  an  error  of  2%  when  N  exceeds 
100.     If  RI  Is  greater  than  10,  which  means  that  the  actual  equivalent  ratio        exceeds  dJ» 
RI  can  be  considered  being  affected  by  other  factors  than  earthquake  intensity,  i.e.,  sub- 
ground  condition. 


*li  ■  maibar  of  saaad  honaaa  *  0>5  x  mafear  of  balf  raaad  houaaa. 
-  nugbar  of  aqpiivalant  raaad  Iiaiiaaa. 
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nw  wUiiated  eqalvalcat  amtios  of  xaaad  hsiiMa  t^j^  and  ^^^^^  consldwriag  tlw 
dtf faMOiM  of  XMittlviOr  b«tM««n  tlw  hooaM  of  tuo  storlaB  and  -Uiobo  of  one  atoiy,  the 
d^th  of  Klliirial  deposit  and  the  snplo  bIm  of  tlia  wletlag  liouaoB  In  Uio  arou  arm 
givMi  ■■  folloira* 

-  fi.RI-DjJ  in  Z  (7) 

V    -  ^-^^-Dm  in  X  (8) 

In  idtlch 

c  -    6  +  T 

hi  'hi       f^ix  W^^/iT 


i  -  :  1.00  In  the  area  nliara  noat  taovaaa  «•  ona  floor 
I 1.80  In  the  area  vhara  noat  liottaea  are  two  floor 

Y    ;    given  ir\  Table  1 

Djj,      ;  given  by  Eq.d),  (2) 

RI  $  given  by  Bq.(5) 


The  procedure  stated  above  waa  Implied  to  Tokyo,  KaiNUWkl  aad  IfokohaaHi  dlatriota  and 

Fig.  7  shows  the  results.     In  this  estimation,  the  values  of  RI  were  obtained  from  the 

Fukui  Earthqucike  data.     Thf  valuo  n*'  ^  was  assumed  to  be  1.80,  because  most:  of  the  existing 
wooden  houses  are  tvo  stories.    The  average  depth  of  alluvial  daposlt  in  ward  k  was 
estimated  as  follows: 

J      <hi  *  hi»l^  I  J, 

i-l  ^  11  ^ 

in  lAloh 

hi  »  the  depth  of  alluvial  deposit 

Al  -  the  area  in  idiioh  depth  is  between  h^  and  b^^^ 


In  Fig.  7,  ivper*  Blddla  and  lovar  auMsala  la  each  msd  oerre^pond  to  the  oatiMtad 
•taivmlaat  ratiea  of  raaad  hiMuwa  daatsoyad  Iqr  the  aaauMd  aarthqiiaka  of  aagBltada  d.0« 
6.5  and  7.0,  naapootlvely. 

4.  CONSIOBMTXON 

Baaed  on  the  a— ilnation  deaoribad  hanalB  fOr  the  evaluation  aMthod  of  dmago  to 
axlatlag  waodan  hanaaa  by  earthqiaafc>a»  the  eatianted  ratio  of  raaad  houaea  and  tiia  aobial 
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ratio  reported  In  the  document  of  razed  houses  in  th*    An»ei-Yedo  Earthquake  (1855)  com- 
prehensively agree  with  each  other  except  minor  errors. 

aexe,  om  of  tlw  «via«inc««  of  tte  •valuation  wthod  for  t|»  «lwiif  r«tlM  aa  wall  a> 
eiMlr  distribatlans  cenld  hm  givn.   Usiiig  timot  it  would  bo  poMlblo  to  totally  avainata 
tlM  loaaaa  and  danagaa  hit  aartliqiiakes. 
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Table  1     Multiplier  for  DeptlMS  of  Alluvial  Deposits. 


^  District 

Depth  of         ^^-^..^^^  ^  ^ 
Alluvial  Deposit^"'"'''-....,^^^ 

Tokyo 

Yokohama 

40  a  >      30  « 

3.60 

1.17 

40  ■ 

8.80 

1.23 

Table2    Equlvalmc  Ratio  of  Based  BousM  in  Fukai  Eartliqii«k« 
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Tabic  3     E<n>lv«lent  Katlo  of  Razed  Rouses  In  Ansst-Yedo  Farth^aVe 


Group 

Equivalent  Ratio 
^"^""^.^of  Razed  Houses 

Equivalent  ttatlo  of 

Razed  Houses  ObtaliMd 
from  Documents^*' 
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Equivalent 

Ratio  of 
Razed  Houses 

1 

(Chlyoda  Ward) 

46Z 

35% 
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(Chuo  Vard) 
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26 
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Traditionally,  earthquake  iit«uremce  rates  have  been  based  on  buslneae  judgment  tempered 
by  engineering  input  obtained  from  analyses  of  observed  earthquake  damage.    The  developpwat 
of  loss  simulation  techniques  has  provided  important  new  input  for  Improveirient  of  the 
basis  for  earthquake  insurance  rates.     Some  important  loss  simulatipn  results  are  reviewed. 
Hodified  Mercalli  intensity  can  be  directly  related  to  dwelling  loss  and  is  an  important 
parameter  in  dwelling  loss  simulation  studies.    Careful  additional  study  of  existing 
dualllnff  lOBs  data  tmoA  aa  la  availafala  Car  tte  1971  Baa  Facnaode*  Calif emlav  earthquake) 
togetliar  with  well  plaaaad  damage  studiaa  aftar  futmria  earthquakes  will  lead  to  graatly 
iavcoved  loaa  eetiaatea.   ftobabllietla  loes  nodele  afaould  alao  be  developed  far  dNelllag 
loea  atudiaa  and  tin  ef facrta  of  iiai  immI  ai  laieartaiiktiea  taken  into  aeeennt. 

KEyNDRDSt    Earthquake  losses;  Earthquake  insurance}  lioss  simulationi  Intensity- loss 
relationships 
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The  traditional  property  insurance  method  is  to  establish  rate  levels  based  on  insuranos 
loss  experience  gained  over  the  years.    Unfortunately,  earthquake  Insurance  loss  data  do 
not  wist  in  any  —niagfol  Day.    In  tlia  nnltad  StataSf  MrthqiiBto  Insnraao*  was  not 
wrlttan  on  diMllinga  at  tha  tlaa  of  iJia  1906  San  Franclaoo  alioek.   Pnwtloally  no  aartti- 
quaka  Inanranea  ma  oarriad  ty  taneoHnaM  prior  to  the  1925  Santa  Baibura  aarthqinaJBe*  tha 
1933  Long  Beach  aarthqwaka*  and  ttie  19S2  xam  ooon^  aairth^taka.   Llttla  waa  oazxlad  In 
tha  noat  haavlly  abakan  araaa  of  tha  1971  6an  Vamando  abode.   DHalllng  loaa  data  txtm 
alsanrtitfa  in  tbm  world  do  not  aailat  in  an  inaurance  loaa  aanaa  and  are  naually  ceiglioatad 
by  non- relevant  oonatruction. 

Over  the  years,  earthquake  insurance  rates  have  been  generally  based  on  business 
judgaient  which  was  tempered  by  engineering  judgment  in  turn  based  on  observations  of 
damage  in  earthquakes.     There  were  no  alternate  methods.    In  recent  years,  simulation 
Btvidies  on  dwelling  earthquake  losses  tend  to  confira  the  afpropriateness  of  long  estab- 
llshad  dualling  ratas  —  thia  navar  nattiodology  will  ba  dlaoiisBad  in  aora  datail  in  tiia 
naxt  aactlen  of  thia  pspar* 

ifaa  judgaant  prooadiiras  whloh  %iara  uaad  for  ovar  h«l£  a  oantuxy  are  adegvata  for 
aaall  voIomb  of  boalnaaa.    In  raoant  yaara,  hoMavar,  thara  bava  baan  an  iiieraasing  mater 
of  iagitirios  and  atatnanta  fro*  Faderal  and  Callfocnla  atata  autfaoritiaa  regarding  tSm 
possibility  of  mandation  of  earthquake  Inauraaoa  for  daellings*    In  California  alone« 
dwelling  values  at  risk  in  a  single  major  event  are  in  terms  of  many  billions  of  dollars* 
This,  in  turn,  has  made  research  economically  feasible  for  dwelling  insurance  rates  as 
well  as  a  need  to  examine  possible  industry  capacity  problems.     It  follows  that  it  has 
become  appropriate  to  develop  alternate  loss  determination  methodologies.    Methods  for 
•stlsution  of  lossas  to  wood  frame  dwellings  are  discussed  in  this  paper;  however,  the 
tadmiqnaa  diaouaaad  bare  are  ganarally  affpliobla  to  other  claaaaa  of  eoaatruBtioap  If 
tha  building  unite  are  widely  dietribntad  in  the  afftetad  area. 

BOOMQMXC  CONSnUiZinS 

Jtny  kind  of  baaie  earthquake  Inaurance  atudy*  wbathar  for  the  private  or  public 
aaotor*  requirae  an  understanding  of  ■anetary  loaa  aaaooiatad  with  Qeeific  earthquakaa* 
Monetary  losBt  usually  ai^raaaad  aa  *  parosntage  of  velue*  nnst  be  relatMble  to  (a)  earth* 
qjiahe  aagnitndaf  (b)  nature  and  duration  of  ground  aotion,  and  (e)  a  praetieal  elaaaifiea- 

tioa  of  buildings  aooordlng  to  danage  patterns.    Historic  raoocda  of  Modified  Hercalli 

intensities  have  important  functions  in  these  earthqvtake  insurance  loas  Btvdiaa  alnoe 
these  intensities  may,  in  many  cases,  be  equated  to  monetary  loss. 

The  detail  and  refinement  of  any  earthquake  loss  estimates  intended  for  practical 
insur£mce  application  will  be  limited  principally  by  coats.    In  actuality,  the  engineering 
ooata  Involved  in  field  an— ining  dwallinga#  identifying  them  by  olaas  or  damage  type*  and 
reoogniiiag  looal  gaologie  haaaxda  anst  ba  boma  by  the  inaurance  purehaaer*   Vo  tfieaa 
ooata  nuat  be  added  overhead  and  taxea.   in  the  private  aaetor*a  ooippatitlve  ■axkatplaoaf 
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a  Qt»tHmt  dwlliag  elaMlfioatlon  wsfmtm  Mill  ■tibfntially  iacr—aa  total  eoata  and, 
mhlla  battar  raaulta  ara  obtaiaad  la  aa  angiaaariag-aelanea  aanaa«  aoraally  will  naka  tlM 
astlra  pzooaaa  aeonaodeally  UDfaaaUbia.   for  «xaivla«  tha  currant  elaaa  ratad  aarthiQpiaka 
iaauranea  pxanloi  {i»a.f  rata  ■ainial  baaia)  fee  a  (SOrOOO  nood  frma  dMalltng  in  San 
Francisoo  oz  Jas  tafalm  would  not  —eaad  $100  annually  for  tba  uaaal  caaa.    If  Individual 
engineering  inapections  and  analysis  mre  made  and  periodically  updated  (say  not  exoaading 
10-year  Intervals)  these  engineering  costs  plus  overheads  of  accounting,  filing,  etc., 
would  probably  Bubstimtially  exceed  $10  per  year.    Assuming  a  minimum  of  $10  per  yecUTf 
this  would  amount  to  a  10  percent  increase  in  presiiusi  over  class  rating  (i.e.,  no  inspec- 
tions) —  probably  enough  to  loss  a  conpetitive  sdgs  in  tha  private  sector.    Unfortunately « 
it  baa  yat  to  ba  aOmiA  tiiat  tha  coat-banaCit  would  ba  anf fleiaiitly  fa«»zabla  to  all  oao- 
eamod  to  wanaat  inapaotioaa.    Indaad,  baaad  on  tttm  Inaaranoa  aa^wlaneaf  «pacifle 
rating  of  aingla  family  dMallinga  io  qnita  vnMarrantod.   JULtacaativo  to  all  of  tha 
going,  ooat  dif faraatiala  psotaably  would  rMniln  tba  aana  avan  if  inaturanea  wara  iaauad  by 
tba  public  aaotor,  unlaaa  sidMidisad  (avantnally  baing  paid  by  tha  public  throogb  tanaa) . 

In  paat  jcaotice,  tha  approach  baa  baan  to  group  all  single  family  wood  frame  dwell- 
ings into  one  class  and  disregard  construction  variants,  thereby  eliminating  high  cost 
•angineerinq  field  inspections  and  reducing  paperwork  to  that  which  can  be  readily  procesaad 
by  the  homeowner,  his  agent,  and  office  clerks.     It  has  been  practical  to  nap  principal 
structurally  poor  ground  areas  and  apply  a  rate  penalty  in  major  comunitias  whare  insuranca 
may  be  oonaonly  carried. 

Practical  dualling  ad^^laaaaa  eoold  inolada  age  approodaaticna  and  atory  height. 
Data  of  ecnatmotioii  dataninad  cx  aatinatad  to  tba  naaxaat  daoada  ia  uaafiil  alnoa  aga 
raf  laota*  in  a  genaral  anyf  aarthquaka  raaiativa  oonatruotion  praetioaa  and  tba  poaalbla 
anvwt  of  datarioratlon  ovar  tlaa.  Microaooation  baa  not  yet  baan  davalcpad  to  a  atata 
ataara  it  can  ba  aipllad  on  a  unlftora  and  oonaiatant  baaia  fkoai  city  to  ci^  and  ia  ralatabla 
to  wtaMa  loaa  figWMf  and  therefore  is  not  part  of  present  insurance  rating  programs. 
Tn  Riurmary,  economic!)  dictatp-^  that  w->od  fr?imtp  dwpiiir.qg  be  sijnply  classed,  with  possibla 
rating  varients  being  based  on  easily  determined  factors  such  as  age,  story  height,  geo- 
graphic location  by  political  bovuidarias«  and  location  in  major  structurally  poor  ground 
areas. 

snmuknD  uss  ncm^jDn 

A  tuodamental  advance  In  liq;»roving  the  basis  for  earthquake  insurance  rates  has  been 
tha  davalcfBant  of  aarttignaka  loaa  aiawilation  taobaiquaa.   Savaial  inportant  dmalling  loaa 
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•imulatioa  atndlas  hsve  been  pvlUiSlied  in  noent  yaars^'^'^'^r  tn  addition  to  oanaral 
diaeoBalonB  of  the  eiiwilntlen  taclmlqua^. 

Direct  ecowlo  lonee  xeenlting  froa  eerthq!iialGes  d^^end  uponi    (1)  the  distribution 
and  kind*  of  pvoperQr  at  xUkt  <3)  the  ground  ahakiag  and  gsomid  fallunea  of  varioiia  types 
aaaooiatad  witii  aarthguakes,  and  (3)  the  relationships  between  (1)  and  (2)  that  result  in 
economic  loss.    In  loss  simulation  studies,  the  distribution  of  property  at  risk  is 
estimated  in  some  manner.    The  seismicity  of  the  area  considered  is  modeled  either  determln- 
istically  or  probabilistically  and  losses  are  computed  using  damage-ground  motion  and 
damage-ground  failure  relationships.    As  an  exaople,  consider  the  San  Francisco  area.  In 
the  San  Francisco  area,  earthquakes  have  damage  patterns  that  are  related  to  and  can  be 
quantified  wi^  teapeet  to  earthquake  nagaitode.  lengtli  of  fault  diaplaeMant*  geographle 
danaga  distributiaa  throni^iDat  the  affected  area  fay  elans  of  oonstnietion,  and  dOmr 
sinilar  naasurable  oharaoteristics.   Dslng  the  earthquake  history  of  ths  area,  it  is 
possible  to  sinulate  the  d— age  and  lossss  for  aiqr  postulatsd  or  knosn  distribution  of 
buildings  1v  ooDstruetinu  class  for  any  given  earthquafca  or  sat  of  earthqw*has.   The  total 
lossss  for  sadi  class  of  oaastruetion  for  the  entire  historic  record  can  be  dsvelopsd  by 
sumtation.    In  other  tiords,  the  total  dollar  loss  £or  any  class  of  construction  and  for 
any  geographic  distribution  can  be  computed  for  any  given  earthquaOce  in  the  San  Francisco 
area.     It  then  follows  that  the  total  loss  for  all  earthquakes  listed  in  the  historic 
record  can  be  determined  and  the  simulated  average  annual  loss  established.  Alternately, 
a  probabilistic  simulation  nodal  nay  be  constructed,  incorporating  uncertainties  in  inven- 
toxy,  selHioi^,  ground  notiont  and  raaulting  losaee  to  buildings.    Isooeimal  napa  and 
ths  related  intenaity  data  play  a  tuKg  role  in  siMolation  stodiee.   Of  peraD»«nt  inportanoe 
is  tiie  need  to  relate  intansl^  to  nonetaxy  loss.   Nhile  the  concepts  are  sinplsr  the 
eoavntatiepal  details  can  bs  cenplsni  the  cited  s«fers»ees^'^'^'^»  dsscribs  ths  asthodology 
preferred  by  the  authors.    Scam  ij^ortaat  rssults  fzun  sliiulatinn  studies  in  California 
are  given  in  Table  1.    the  losses  in  Table  1  are  losses  asaooiated  with  ground  shaking  and 
do  not  include  loaaes  assooiatsd  with  ground  failure.   Lossss  to  dwsllings  froB  ground 


^Jtomufous,  "Biiiiai  j|  and  linoowwBdations» "  in  Studies  in  Seiiiclty  and  earthquake 
DsMige  StatisticSf  1989,  0.8.  Coast  and  Gsodetic  Survsy*  23  (1969) . 

V.  V.  steinhrugge,  t.  b.  Heclnre  and  A.  J.  Snow,  "Appendix  a,"  in  Studies  in  Ssisaicity 
and  Barthquaks  OasHge  Stntisties*  1969*  U.S.  Coast  and  Gaodetie  survey,  142  (1969). 


S.  T.  Algermissen,  J.  C.  Stepp,  H.  A.  Rinehart,  and  E.  P.  Arnold,  "Appendix  B,"  in 
Studies  in  Seismiolty  and  nsKtitgueke  OsMage  stefeietiee*  19fi9#  O.K.  coast  and  Osodetlo 
Survey,  68  (1969). 

Sf.  A.  Rinehart,  s.  T.  Algeralssen,  and  Hary  Otbbonsr  "Bstimation  of  Earthquake 
lAsses  to  Single  ranlly  DwelltngSf"  U.S.  Gaol.  Samg  QpenHTile  Biept,  76-156,  57  plus 
appendices  (1976). 

^D.  C.  Ft  '  ^rt-T^-^r. ,   '""ntt^ter  Simulation  of  the  Earthquake  Hazard,"  Proc.  Conf.  on 
Geologic  Hazards  and  Public  Probleais,  May  27-29,  1969,  U.S.  Govt.  Printing  Office,  153-181 
(1970). 
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shaicing  have  been  shown  to  be  tax  more  icf>ortant  than  losses  £rom  ground  failure  in  the 
San  Franclsoo  Bay  area^,  aod  tbis  is  believed  to  b«  trtM  throughout  California.  Other 
Intarastliig  rwolta  tasm  also  bam  oMalnad  for  dwallliiga  in  CallCocnla.   Pigura  1  is  a 
MP  of  Califbmia  witli  Uw  state  aonewhat  arbitrarily  divided  into  a  aortham,  adddlef  and 
•onthMH  portion,   naiag  the  kaoim  biatorieal  aaiaaieitv  of  the  stata  fxoa  IBOl  to  1967  r 
mvarage  dollar  loaaea  to  dMolllngs  In  northern*  nlddle,  and  aoathom  California  ware  found 
to  be  in  the  ratio  of  1.00i0.19tl.25.   Vba  diatrlbatiaa  of  dmelllnga  units  taken  froa  tim 

I960  United  States  Census  (updated  to  1967)  was  used  as  inventory.    Figure  1  also  tfXWS 

7 

seistmic  risk  zones  in  California  as  defined  by  Algermissen  .     Assuming  the  same  seismicity 
and  inventory  as  above,  average  dollar  losses  per  dwelling  in  seismic  risk  zone  3  (Figure 
1)  were  found  to  be  approximately  TOO  times  the  losses  per  dwelling  in  zone  2. 

Osing  the  historical  earthquake  record  1801-1967  in  California  and  the  1967  distribu- 
.  tion  of  dwallinga  in  Callfonila»  dwelling  lossea  as  a  function  of  oartiiqnalw  aagnitode  may 
also  be  obtained.   Figort  2  shorn  tiie  distribntiott  of  daellijaf  loee  with  negnitode  in 
California*,    vote  tiint  beeause  of  the  evonential  distzibutien  of  aarthquakaa  witii  nag- 
nitode  and  the  nature  of  ttie  danage  to  dMellinge,  tike  larger  earthquakes  in  California  do 
not  aooount  for  the  greatest  losses. 

One  iidierent  weakness  of  all  known  sinulation  studies  involves  the  nsed  to  aocurately 
know  the  actual  monetary  losses  to  dvellings  as  a  function  of  each  Intensity.    This  loss 
information  should  be  known  by  construction  component*,  by  age,  by  height,  and  by  local 
surficial  geologic  characteristics  if  the  results  are  to  be  transferable  to  other  regioaa. 
It  is  also  necessary  to  carefully  define  loss  (personal  vs.  impersonal,  building  vs. 
content,  etc.J  and  value  (cash  vs.  replacament  for  older  buildings,  etc.).    It  would  ba 
Wrong  to  ajpply  loss  figures  derived  frea  elder  rotten  foundation  houaea  to  new  eertiivaike 
resistive  onea«  fov  aacaapla.    A  sgpaeUie  laataaaa  of  the  detail  required,  tlie  avarege  loan 
to  painted  gspai^board  partitione  for  MMnxx  aheuld  be  known  aa  a  peroentage  to  dwelling 
■arket  value  (or  otiier  value)  by  bwilding  age«  height*  etc.    Tedmlqwes  sxist  to  answsr 
these  kinds  of  qpestions»  but  all  tsebaiqnas  involve  varying  degrees  of  judgMnt  bassd  on 
^Pfcopriate  esqwrience  by  spgineers,  arehiteet**  contractors,  etc.   Obviously »  tabulated 

aetual  loss  eiq>eriGnce  data  would  be  better  than  ved.ue  judgments. 

Good  progress;  in  simulation  studies,  then,  will  come  from  appropriately  gathered 
actual  losB  ai^erience  in  order  to  aupplenent  or  revise  current  judgroen tally  detezmined 


S.  T.  Algermissen,  w.  A.  Rinehart,  and  J.  c.  Stepp,  "Techniques  for  Seismic  Zoningt 
Boononie  Conalderations»'*  Proc.  zntl.  conf .  on  Mlorosonation  for  Aafer  oonst3nietion» 
Seattle,  imshington,  Vbl.  II,  943-956  (1972). 

^s.  T.  Mgecnissen*  "Seianic  Risk  Studies  in  the  United  States,"  Proc.  43,  Hbrld 
Oonf.  en  Karthiiuake  Eng.,  V»l.  1,  14-27  (1969). 

'Construction  coav>onent  Is  defined  as  an  assembly  of  materials  within  a  dwelling  which 
is  readily  identifiable  and  has  a  recognisable  dmage  pattern.   Painted  gypaun  on  interior 
mod  stud  partitions  is  one  such  example. 
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none'tary  values.    A  review  of  past  and  current  literature  has  shown  prac^cally  nothing  of 
substantial  value  beyond  that  cited  in  the  references  of  this  paper. 

vcenMPrm  junuraisi  sum  mnwo  l97i  cms  nonr 

The  first  major  post-earthquaka  study  which  related  monetary  losses  to  intensity  was 
conducted  after  the  1971  San  Fernando,  California  earthquake.     The  Pacific  Fire  Rating 
Bursau  surv^«d  the  danaga  to  asVPomimt»ly  12,000  single  fanily  Moed  tntm  dmlliiiga 
ioewtad  in  tba  icst  tiBKvlly  ihakan  arM*.   Thsir  aurvar  font  Idanfeifiad  tbm  fbHowing 
itMWr  aaoag  otIiMtat 

loeation  hr  city  blade* 

Aga  gxoqp*    (a)  pTa-1940,  (b)  lM0<-49.  and  (o)  post-1949« 
Mnnttmr  of  stnrlaa. 

Flomr  construction. 

Om^rmm  of  damaga  tot     (a)  foundations,   (b)  wood  frame,   (c)  interior  finish  by 

type  of  finish,  (d)  exterior  finish  by  type  of  finish 
(including  veneer) ,  and  (e)  chianay. 
Ground  disturbance,  if  any,  including  faulting. 
Ippcovad  lea*  data  for  laput  to  alMAatlen  atoSlaa  la  boat  oiitalnad  fxom  iatonwition 
earafolly  gatharad  afaoartly  aftar  an  aaithngialra.   Mmd  thaaa  loaa  data  ara  salatad  to 
Intanaltyf  than  tfaa  loas  salatlonahipa  aay  ba  aivliad  to  laoaalaaal  aapa  of  othar  aarth- 
qoakaa  or  dirootly  to  almlatad  loaa  atndlaa.    Soaa  woifc  In  pzograaa  ia  worth  raviaidog. 

Intensity-Loss  correlations: 

Figure  3  is  an  isoseisnal  map  of  the  most  heavily  shaXen  dwelling  areas.    This  map 
was  basod  on  •  Utoral  xaadinv  of  ilia  dof  inltlona  of  tiia  Hodif lad  Mwaalll  aoala  with 
xaapact  to  daallliiga*   9m  baaa  tmp  for  FlgvM  2  (i.a.r  aay  without  laoaolanal  llnoa)  ia 
Figvure  16  fxooi  refaranoa  8t  aadi  tcaet  Indmlaa  a  amihar  of  elty  blodca  and  baa  boundariaa 
aeloctod  to  amibaiieo  aaq^la  eonalatanqr  (l*a> »  aiallar  mlnaa*  alBllax  'age  ,of  oonatruetionf ' 
ato.).    Xhcaa  diffaxant  vibgatloiial  intanaltlaa  ara  Aownt   VXI»  VXXI*  and  ZX.  Addition- 
ally, aoBB  faulting  and  related  ground  breakage  areaa  arOf  hr  definition,  intensity  x. 
However,  adjacent  to  and      i-ji^  with  Zntanai^  X  airaaa  are  vibrational  intensities  of 

VIX,  VIII,  and  IX. 

In  Figure  3,  the  "average  dwelling  loss*  for  each  tract  may  be  interpreted  as  an 
equivalent  of  an  average  intensity  for  that  tract.    This  suggests  correlating  Modified 
Marcalli  intensity  in  teriDS  of  percent  loaa.   A  crude  but  reaaon^le  eorralatlon  baaed  on 
Figora  3  plus  eaitansiwe  penonal  knowledge  of  the  area  is  as  followai 
MM  vils     2  peeeent  to  and  Inolndlng  9  pareMt  dwalllng  loaa 
MM  7ZZit   6  peroent  to  and  inolndlng  10  peroent  deelllBg  loss 
MK  ZXi       11  pareant  and  greatav  dwalllng  loaa 


^K.  V.  Steinbrugge,  B.  E.  Schader,  B.  C.  Bigglestone,  and  C.  A.  Wears,  "San  Fernando 
Bartbqpiaka*  February  9,  1971,"  Faelfle  Fire  Mating  Buroau*  93  plus  nap  (1971) . 
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for  tlw  puzpoMS  of  this  pap«r*  this  correlation  will  hm  uMd  «s  «  tMntativi  MlatioaaUp 
between  tntenelty  and  ^hiellliig  loes.   Ihle  oorreletlcm  ie  restricted  to  vihretSonel  daMnge, 
«o4  ti)«Mf6K«  eveliidee  the  geologic  effeete  in  Mt  vxx-X  ezeee.    It  ehould  he  reeoQnlied  thet 
the  foregoing  relet  icnehip  between  duelling  loee  and  inteneity  Is  partlelly  judgMotel  since 
there  Is  no  other  tny  to  relate  the  subjectl<ve  wording  in  the  Nodifled  Mercalli  definition 
to  niwarlcal  loss  values,    in  any  event,  it  is  a  rational  correlation. 

A  possible  improvement  in  the  San  Fernando  intensity- loss  correlations  is  to  re-examine 
the  basic  data  for  the  12,000  dwellings  by  sub-dividing  the  tracts  into  smaller  units.  The 
isoseiamal  lines  may  vary  somewhat:  but  the  correlations  axe  expected  to  stand. 

The  loss-intensity  correlations  as  given  above  are  not  transferable  to  nost  other 
GQBSiinitie**    They  are  only  trenefersble  to  mmwwitlee  having  cooipar'able  aMDunte  of  diielliiig 
cenetniction  ae  to  stecy  heli^,  age  of  eonetmetien  flniriies,  ete.   roe  exanvle,  tiie  drill- 
ing age  dietrlhution  in  the  San  fmnando  stvdr  mm  waai 

Pre-1940  5.3  percent 

1940-49  38.2  percent 

Eoat-1949       56.  S  percent 
with  94.2  percent  of  the  study  area  being  one  story.    The  identical  ground  motion  striking  a 
comnninity  of  predominately  cller  two  story  dwellings  would  cause  much  larger  losses  than  those 
in  San  Fernando;  thus  the  intensity-loss  correlations  for  San  Fernando  ifould  not  be  transfer- 
able to  the  other  ccMnmunity  discussed  below. 

If,  however «  the  daeege  auzveye  for  12^000  dMlliage  were  eorted  (iib-clwBd)  by  age, 
height,  and  other  factors,  then  the  resulting  Intensi^r-loss  oorrelatLons  for  each  itaa  could 
he  transferable  to  nany  othur  ccMHinitles.   fior  an  ovev-eisplified  ewiwple,  a  California 
ooManity  cenBlBtlng  of  50  percent  1940-49  oae-stoiy  dwellings  plus  SO  pezoent  ooe*stosy 
poat»1949  dwelllnga  Call  othav  oenetcuetion  featuEea  idantloal)  would  have  oa^utahle  loaaea 
fee  MM  VII,  VIIX,  and  IX.   In  sanary,  it  is  posslbls  to  synthesise  tiie  potential  dwelling 
loss  for  HK  VII,  VIIX,  and  IX  for  any  cotnmunity  if  the  number  and  distribution  of  appsqpriata 
dwelling  siib-«lasaes  ave  kBcwn  and  if  loss-intensity  correlations  for  these  sub-elassss  are 
kno*m. 

Damage  Factors: 

An  important  item  in  detailed  simulation  involving  insurance  deductibles  is  a  Icnowledge 
of  damge  distrlbttticn  amtg  "Identical"  dwellinf^  or  mtam  "identical  eonstraotiea  cnvo- 
nents"  of  dwellings.   Wcx  eiasple,  in  a  tract  of  100  identical  hones  having  4  percent 
average  dwelling  loss,  the  eetwal  loss  diatztbwtlcn  night  bet 

Onder  1  percent  loss  40  hones  6  peroent  -  10  percent  loss     5  bonB& 

1  percent  -  3  percent  loss  30  honaa  11  percent  -  20  percent  loss  3  honss 
4  peroent  -  5  peroent  loes      20  hones        over  20  percent  loss  2  hoaaa 

Mowwis  m  5-percent  insurance  dednctiUe,  tbB  actual  loss  over  tbm  deductible  is  not  sero, 
i.e.,  the  average  lose  (4  percent)  nlnos  tbs  dsdnctlble  (5  percent).    Xhus,  average 
values  eennot  be  used.    This  introduces  the  need  for  a  loss  distribution  function  Whldh  In 
previous  studies  has  baen  temed  "danage  factor." 
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Dmigs  factor  Is  daf iiMd  u  tha  ratio  of  the  nvabar  of  strueturaa  having  a  ^aelf lad 
dagroa  of  loaa  fbr  a  givaa  conatrootioo  oovonant  to  tlia  iraAar  of  atroetoraa  In  tlia  txaot 
vndar  atndy.   For  ttia  1971  San  farnando  aartfaqaaha*  tha  danaga  faetora  vara  oonpntad  and 

gxoviped  accMsrdlng  to  intensitiOB  With  results  &•  stlOMn  in  TablO  S.    This  inforaiation  i* 
tranafambla  to  othar  oonmnitiaa  liaviiig  •iailar  opnatnwtlon  oo^ooent  ebaractarlstica. 

PKOSnCT 

Mhila  detailed  aofhlatioatad  studiea  an  aartbgoake  insurance  rate  levala  and  affaeta 

of  insurance  deductibles  on  aggregate  losses  may  give  a  feeling  of  confidence,  in  many 
ways  these  studies  are  no  better  than  their  data  base.     Any  studies  involving  the  losses 
over  time  must  be  based  on,  or  be  consistent  wit:;,   losses  over  the  historic  record.  The 
use  of  Modified  Mezcalii  intensities  and  thexr  resulting  isoseismal  maps  beoones  inescapable 
in  ratvoapaotiva  Inaaranoa  almlation  loaa  atudiaa  alnoa.  ter  battar  or  voraa*  tliaaa  ara 
tha  hast  wmilablo  data. 

SilbatBntlally  Inprovad  loaa  Infbraation  fron  tha  1971  San  Pacnando  aartbgnske  plus 
that  — T"^*"^      ba  cMainad  after  fittiira  ahodcsr  is  aspaetad  to  gxaatly  inprova  tlia 
qinality  of  tha  nunarloal  ontvut.   Conearranitly»  aianlation  atudiaa  rtwuld  oootimia  to  ba 
oaadaetadf  paittieBlarly  itLtb  tha  visa  taiiajeda  sinplifieatlon.   nobttblliatio  loaa  nodala 
should  also  be  developed  and  oonparad  with  loaa  aatiaataa  obtained  using  historical 
salsnidty  as  iqput. 
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CALIFORNIA  BARTHQUAKB  VOS$  SUMMAJtY 
LoMtROottandMStaM) 
(Krwn  TUIt  S  cf  IMMW  9} 


In  Plraaelteo.  19<tf 

Total  affected  are* 

N  toe  Bay  Acea  Counttet^ 


$1,156,370,424 
1,013,524,447 


$  863.129,283 
772,763.546 


P«r  Dtmand 


I9U 

m 


Per  OweUIng 


301 
170 


LongBMCh.  1933 


811*110(100 


750 


in 


100YwrVtol«d 

Entire  statf 

Nino  Bay  Aiea  Counties^ 


0,S39,698.400 
2,328.105.900 
S|790»299t700 


2.766,142.200 
1.137.936.900 
1»090,291»000 


38S 
436 

377 


-1,216 
1,997 
1.303 


*DweUlng»  suittlnlng  •om«  darnige  were  u»ed.   For  the  100  year  period,  dwellings  may  be  rep«ete<liy  damaged. 

dwellings  (damaged  and  undamaged)  within  the  geographical  area  considered  for  the  IV  tsoseiamat  of  the  tirilmilrtlgj 
^KtaxlB.  SoMOM.  Ntpe.  SoUno.  Sm  PkwclMO,  S«ua  Clat4,  Cootra  Coeti,  AlMMdt  aid  San  Maiw  GoiaMlM. 


VIX-24 


Digitized  by  Google 


TAtLB  a 


DAMAGE  FACTORS  FOR  1971  SAN  FERNANDO  EARTHQIIMCB 
From  Stelnbrugge.  et  a1  (1971)  d«u  (leference  8) 


CowtrMcricwi  Cemponttit 
Stnelural  foundsUo* 


Stnetunl  —  tam» 


ExttrtoK  »  wood 


Exterior  —  other 


ChtiBMy  (1  cUoHMg) 


Degree  of 
Damage* 

None 

Slight 
Moderate 


None 
Slight 
Moderate 
Severe 


None 
Slight 


Severe 


None 

Slight 
Moderate 


None 

Slight 

Moderete 


None 
Slight 
Moderate 
Severe 


Damage  Factor  (%)  /or  MM  Intensity 
(.%  of  Dwellings  Having  Given  Degree  of  Damage) 
VU  VIU  IX  Vll-X 


98.7% 

a  8% 


0.7% 

loaox 


88.4% 

0-1% 


jool  0%  loa  0% 

flOJC  67. 6K 

S.1X  3S.6X 

ASX  4.9% 

26.3%  6.7% 

72.6%  87.3% 

1.  0%  5, 1% 

(Lx%  as* 

mas  loaon 

87.1%  SSl6% 

8.  7%  36.  2% 

3.  7%  4.  2% 

g  s%  0% 

1 00.  0%  )  00.  0% 

90.7%  71,5% 

7.2%  It  2% 

2.  1%  7.  85E 

,  —  .  ..g.-sa. 

joao%  ioao% 


58.5% 
2Z  4% 
6l6% 
8.9% 

ioao% 


•L«% 

29.  3% 
6.0% 


4518% 

8.7% 


29.  95t 
39. 1% 

8.3% 
19.6% 

3-  1% 


•2.8% 

9.  0% 
*.  1% 
3.  S% 


ioao%  ioao% 


7&IS 

15.3% 

7. 1% 


2.9%  31.9% 

81.  4%  5S.  7% 

10.3%  9.0% 

S.4%  3.4% 

joaoi  looios 

3L7%  63.7% 

37.  0%  23.  3% 

15.6%  7.8% 

11.7%  S.2; 

loa  0%  100. 0% 

37.7%  83.4% 

27.  S%  10.  0% 

11.6%  3.3% 

23. 2%  3.3g 


66,7% 
13.  5S 
9.6% 
5.8% 
4.4^ 


ioao%  joQ.c« 


"See  Sl^nbruKe.  et  el  <1971),  page  20.  for  eiMnmary  deftniUee* 
{reference  6).  Field  inspeciort  used  ible  leniiliielefly  wMcli»  Ib 
turn,  was  related  to  percent  loss. 
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TlBur*  1. — SelBmlc  rlsV  lones  In  '"allfornln  (after  Reference' 1) .    The  hatchured  araa 
represents  lone  2  and  thr  r<-  .,1  :'er  of  the  state,  lone  ?,    Th«  heavy  black  line* 
divlda  Cht  suta  Into  northaro,  alddla,  and  amitheta  CfliXornla  aa  uaad  In  thl* 
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IVI   36   4.3    5.0    5.6    6.3    70  7.6  8.3 

Flguca  2. — ^Estimated  dollar  lo**M  to  wood  fraxtt  dwellings  Is  California  at  a  functloa 
of  MxlBua  Ilodlfled  Heicalll  Intenilty  (I.)  and  equivalent  aean  aagnltudc  00- 
Historical  earthqualics  In  California  for  t>ia  pariod  1801-1967  war*  used  as  the  act*- 
■lclt7  Input.    The  apat&l  dlacrlVutlon  of  dwclllnga  and  their  charactcrlatlca  war* 

'  assuised  constant  at  the  1967  level  for  the  loaa  slaulatloa  study.  (Adapted  froa 
Rafarcnca  6). 
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Vacnmt*  for  Batref  Itciag  Hl^my  IrldgM 


Exmat  Barpwnn 
III  BMMVch  lutlCttt*,  ChiMtOf  lUlnoU 

mi 

Jaata  D*  Coopsr 
f«denl  Hlilnnir  AdatnlstrttioDi  HMhlngton*  D»C* 


A  SAtliodologj  for  det«ninliig  whethar  or  aot  to  solralcAUy  retrofit  an  oxlstlnt 
bxlda*  It  pvoMtttod.  Ik*  Mtiiod  Is  b«»«d  on  tbo  coneopt  of  idootlfylng  and  covparing 
tlw  laportanea  of  the  brldt*  to  Ita  atrwetuval  latatrltj.   Crltlcalitj  factora  lAlcb 
are  exprassed  In  term  of  bridge  classification  and  Its  Importance  to  tbe  social, 
nedlcal»  economic*  and  security  needs  of  a  geographical  area  following  a  natural  di- 
saster are  davsloped*   Stmetttral  factors,  ahlch  aselasta  a  brldgs's  ability  to  with- 
stand  an  aartbquafcat  arm  datacmlnad  analytioallj  or  by'  imapaetlOD.    Tba  crltleallty 
and  atruetural  factors  are  oomparad  to  dotamlas  if  a  brldgs  mrranta  ratrof  ittiag. 
Xhe  method  is  demoast rated  by  example. 


KinniDS:   Barthquakst  Bridgss;  ftstroflt  daclalon 

vm-i 
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INTBODUCTION 


A  bridge  l8  a  vital  link  In  any  road  network.    If  a  disaster  occurs,  a  bridge  may 
b*  destroyed  or  dABagAd  to  the  axtMt  that  It  cannot  sustain  traffic  or  it  blocks  sn 
liit«n«etiii8  read.   A  Mtliod  la  pr4Nianted  to  ld«ntlfy  sod  queatlfy  the  edtlealltyt  or 
wacthf  of  a  brldB*  In  ralatloa  to  tha  coad»  tha  mad  aatvock,  tha  eoaaualty,  and  the 
national  dafanaa/aacnrity  systoK.    The  erltleallty  is  then  eonpared  to  the  eapahlllty 
of  the  stEUCtuxe  to  vithstand  the  disaster  and  a  metbod  is  established  to  detemlne 
whetbar  or  not  retrofit  la  mrraatad* 

Specifically,  the  worth  of  a  bridge  can  be  evaluated  In  tersu  of; 

.  Adalnlstratlen/Transportation  Systea  Effects.    The  City,  County,  State,  and  Federal 
highway  organizations  classify  roads  and  streets.    These  classifications  are  based 
on  plana  lAlcb  rolata  the  Inportaace  of  the  roada  and  atreata  to  tiie  nonal  eaer- 
.    geney  transportation  needa  of  tha  eomnlty  and  the  nation. 

.  Soclal/SnrylTal  Kffacta.   Sodal/aurvlval  of facta  Involve  tha  ability  of  tiie 
CO— lalty  to  Mat  Ita  short  ftm  aaartaney  noedo  followlnt  a  dlaaator.  VorBally 
die  soelel/aurvlval  effeeta  are  eoneldered  In  the  adnlnistratlon/transportatlon 

sysCen  plana  for  the  roads  and  streets.     There  are  Instances,  however,   in  which 

tboee  plana  have  been  dated  by  cbangea  within  or  near  tha  conounlty  (e.g*»  a 
•ubdlvlaioB  waa  added»  a  hoapltal  waa  bnllt*  ate.)*  or  th«  affect  on  the 
eoMinlty  ma  not  eonaldecad  In  the  original  plan. 

•  Secnritr/llefenne  Bffacf.   Sacnrlty/daf ansa  affaeta  eonconi  the  Inportanee  of  the 
brld|o  In  rotnrd  to  Ita  ability  to  nova  troopo  and  e^pnent  to,  and  within*  an 
area  to  naintoio  law  and  order  or  to  aaat  a  threat  to  the  aeeorlty  of  the  area* 

region,  or  Nation. 

•  Ec n n LiTi:  1  r. /  ?  r ^  on 1  K f  f  ^ c  fi .    Pollovlng  s  dlsaator,  the  recovery  proeeaa  beglna. 
The  economic /personal  effect  relates  the  connunity  need  for  the  bridge  to  return 
to  ita  predlaaatar  aoclal  and  bualnaaa  atatna. 
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Eadh  MMur*  q£  novth  (ft.g.*  Social/Survival  Effaet*)  haa  auanma  «f  affaetlvMiM* 
(e.g..  Medical  Support)  vhleli  relate  to  the  need  for  the  bridge.    The  neaaurea  of  effect 

tiveoess  can  be  grouped,  quantified,  or  qualified  to  allow  an  engineer  to  make  a  relative 
a— —ent  of  the  worth  of  the  bridge* 

The  measures  of  worth  for  each  effect  can  be  Interrelated  to  allow  overall  assessment 
of  the  iia«d  for  the  bridaa*   After  all  bridgo*  within  an  area  of  intereat  are  aaalyaedi 
they  ean  be  a^armted  into  two  categiorieot    1)  retrofit  la  required  to  enable  the  bridge 
to  withetand  the  earthiiaake,  or  2)  retrofit  ia  not  required  beceuae  either  the  bridge 

can  withstand  the  earthquake  or  the  loss  of  the  bridge  does  not  Justify  the  retrofit 
expense.    Since  highway  budgets  are  flnitOt  it  ia  probable  that  some  additional  priority 
syseoB  will  be  needed  to  raiik  the  bridges  in  the  fixat  category*  The  ranking  can  be 
achieved  by  applying  a  coat'^enefit  analyaia  and  the  retrofit  budget  can  then  be  allocated 
according  to  thie  ranking*    A  diacuaaion  of  the  cost-benefit  analyaia  ie  not  Included  ia 
this  report.    The  state-of-the-art  of  evaluating  the  worth  of  the  bridge,  in  terms  of 
the  off acta  Identified,  doee  not  allow  the  worth  to  be  graded  rigoroualy  enough  to  perait 
a  oeaningful  coat-bcneflt  analyaia* 

It  la  noted  that  a  aignificant  aa»wnt  of  reaearch  ia  required  to  Identify  and 
quantify  each  of  tha  effects  wbich  are  briefly  described  above*   Thsxefoce,  only  s  brief 
discussion  of  the  baaic  nethodology*  the  elcaenta  of  the  nethodology*  preUainary  weight- 
ing  of  crltieality  faetonii  and  aa^ple  ealeulatlotts  to  illustrste  the  aetbodology  are 

presented. 

MBIHODOLOCy 

The  procedure  for  aassaaing  the  worth  of  a  bridge  is  deacribed  in  this  aection.  It 
represents  s  sequmtial  evaluation  of  worth  by  considering  the  reaulting  effecte  cauaed 
by  the  loee  of  the  bridge. 


Digitized  by  Google 


PvocAdinral  Flo*  J>±»gcam 


A  daclsloA  dlafraa  for  •valoactng  whtthac  or  not  a  bridte  vscraacs  rstrof It  i« 
illiMtratftd  la  Flgpixa  1.   Bach  block  or  dlanoad  in  tha  procadural  flov  diagcaa  la  aa 

elenent;  Che  work  eleaents  are  rectangular  and  Che  decision  elemencs  are  diamonds.  Tha 
measures  of  worch  are  evaluated  in  sequence  (Elemencs  1,  3,  5,  and  7).    The  output  of 
aach  work  alaaMat  la  a  crltleallty  faeeor  (CF),  rated  from  0  through  3*  which  ralatos 
tha  worth  of  tha  hrldga  to  tha  particular  aaaaara  of  worth*   Tha  blfhar  tha  crltleallty 
factor  tha  aovc  tha  brldga  ia  worth  to  that  particular  elaaent*   Aa  aa  lllaatratlon,  tha 
bridge  may  be  evaluated  in  terms  ot  its  worth  to  the  social/survival  effects  (Element  3). 
A  crltleallty  factor  of  3  Indlcataa  that  tha  brldga  is  critical  (a.g. »  It  is  the  only 
aabulaaea  routa)j  a  factor  of  2  Indlcataa  that  tha  bridge  la  daalrad;  a  factor  of  1 
Indlcataa  tliat  it  la  eoavanlant;  and  a  factor  of  0  Indlcataa  that  it  la  ea^aodabla. 

Daelaloa  polata  (ELaamita  2»  4«  6,  and  10)  ara  laaartad  betwaan  work  aleaaata* 
Thaaa  dadalon  polata  act  aa  filtora  to  raduca  tha  affort  naadad  to  aaka  a  retrofit  dael- 
al€«*   At  each  of  the  flrat  three  daelaloa  polata  (Blenenta  2«  4«  and  6),  a  crltleallty 

factor  of  3  (CF-3)  indicates  that  the  bridge  is  of  sufficient  worth  to  merit  an  evalu- 
ation.   If  a  crltleallty  factor  of  laee  than  3  la  aalacted*  the  evaluation  procaa*  ia 
eontlMiad  oatll  work  Blanant  8  la  reached. 

In  work  Bleaant  6,  the  blaheat  crltleallty  factor  of  the  four  aeaauraa  of  worth 
(Blaaanta  I,  3,  5»  and  7)  la  aalacted,   SimLlmzljt  a  atroetaral  factor  (8F)  la  aelacted 
(Bleaant  9)  which  ralataa  tha  capability  of  tha  bridge  to  eurvlva  daaaga  from  the  diaaatar. 

Tha  atrvetnral  faetora  are  graded  over  tha  eaoa  range  aa  the  crltleallty  factor*  A 
atractural  factor  of  3  Indlcatee  that  the  bridge  la  aouadt  81^2  Indlcataa  the  brldga  ia 

probably  sound;  8T^1  ladlcatas  the  bridge  is  probably  unsound;  and  Sl^O  ladleataa  that 
Che  bridge  is  unsound* 

Next,  Che  criCicaliCy  and  sCrucCural  factors  are  compared  (CF  -  SF).    If  Che 
difference  is  less  than  or  equal  to  zero,  retrofit  of  the  bridge  is  not  warraaced* 
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9. 

SELECT 

STBIICTURAI, 

FACTDR 


EVAT  T1ATK  BRIDGE  WORTH 

TO  a;;  lii i  s  r  rax  ion  /transportation 

SYSTEM  KKfLCTS 


3. 

B7AL0AXB  VIOGB  WKEH  TO  SOCIAL/ 


5. 

■VALDilXI  niDGE  WORTH  TO  SBCmiR/ 
DBFEHSE  IFFECI8 


T.  

miLUATB  niDCB  wnera  to  loanoiiiG/ 

PERSONAL  EFFECTS 


8. 

SBLICI  TBE  VSBWta 
GRITICALITY  FACTOR 


_  CF-SF«0 

10. 

OOMPAXE 

KI CITK  ST  CR  :  T 1 C .^ITY 
gACIOR  WITH  SIRUCTUI 

CF'SFait 


12. 
RETROFIT 


11. 

MO  BETBOFIT 


rigttM  1    Brlds*  Bctcoflt  WamnC  Procedural  Flow  Diagraa 
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If  tb«  dlfftnne*  i»  gt—ft  than  or  •qual  to  !•  than  xotroflt  is  warranted.   Tabla  X 

llsCB  tha  ratroClc  dadsloo  elemencs.  This  cable,  or  the  criteria  illustraCed  In  Figure  1* 
caa  b«  us«d  as  cbe  basis  lot  detetalalng  whether  or  doC  a  bridge  warraacs  retrofit. 


table  I 

BBntOFXT/tK)  imOnT  DKISiaR  lA&l 


Crieicalltf 
factor  (cr) 

s  c  r jctural 
Factor  fSF) 

CP  -  SF 

Subjective 
BvaXuatlra 

Retrofit 
Decision 

3 

3 

0 

Crltleal/Soimd 

Mo 

3 

2 

1 

Critical/Probably  Sound 

Tea 

3 

1 

2 

Critical/Probably  Dasoond 

Tee 

3 

0 

3 

CriClcal/Unsound 

Yes 

2 

3 

-1 

Deaimd/Soitnd 

■o 

2 

2 

0 

Daaired/Probably  Sooad 

Ho 

2 

1 

1 

Vealred/Probably  Vnaouad 

Tea 

2 

0 

2 

Desired/Unsound 

Yea 

1 

3 

-2 

Coovenient/Sound 

HO 

1 

2 

-1 

GonvNiiant/Probably  Sound 

Mo 

1 

1 

0 

CkHMMnlanfe/nfalMlilv  Unmnn^ 

■a 

i 

0 

1 

Convenient  Ainaound 

Tea 

0 

3 

-3 

Expendable /Sound 

MO 

0 

2 

-2 

Expendable/Probably  Sound 

Mo 

0 

1 

-1 

lapandable/Probably  Unsound 

Ho 

0 

0 

0 

Bspandabla/llnaound 

Ho 

Structura 1 
Factor  (Sf) 

Crltlcallty 
Factor  (CF) 

3 

•  Sound 

3  -  Critical 

2 

•  Probably  Sound 

2  -  Oaalxad 

t 

■  Probably  Unooimd 

1  •  Convanlaat 

0  -  Unsound  0  -  Bxpcadable 
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iDMmsiiAXioH/nimHnimoii  ststbi  (axb)  imcis 


UlfMMy  tfmtmm        grouped  into  a  nubttr  of  dlffttrmt  claaatf leatloas  for 
(idaiiilscratlvo,  plasnlac,  and  dMlcn  pnxpoMS*  At  iMOt  three  different  typeo  of  ajatew 
•slat  ahleli  aff*«t  the  adsialatratloQ  and  oparatlon  of  highways.    Theae  are  State^ounty^ 

local  adnlniscratlve  syateaBt  couaerclal-lndustrlal-resldentlal-recreaclooal  systems,  and 
the  Vedaral^iiAid  Syatea*  However«  thej  all  aarva  to  develop  a  eoaplata  integrated  hi^may 
ayataa* 

The  Boat  beale  elaaalf leatloa  ayatca  for  adBinlatratlon  purpoaea  groupa  blgimaya  and 
attaata  into  two  hroad  claaaaai   ^rstaaa  aarvlng  raral  araea  or  connectlDg  urban  araaa* 
and  atraata  or  hlgbnaya  aarvlng  urban  areaa* 

The  rural  area  elaaalf ieatlon  ayatan  eontaina  foUoalng  lavala  of  road  elaaaaat 

•  lataratata. 

•  Frlnary  (ancluding  interatata)* 

.  Saeoadary  roada  with  volma  greater  than  1»000  vahielea  per  day 

.  Secondary  roada  with  traffic  leas  than  1,000  vehicles  per  day  (aay  be 
aubdivldad  Into  500-1,000,  lOO^^,  under  100), 

>  Veedar  roada  (aana  aa  aacandary  roada  under  1,000) ,  and 

.  Tertiary  roads. 

A  quaatltatlvaljr  ainilar  ayatan  for  urban  areaa  ineludaat 

•  Bapraaaaaya, 

•  Arteriole, 

.  Collectors,  and 

•  Local  roada  and  atvaeta. 

The  classification  criteria  for  rural  roads  are  possibly  aore  self-explanatory  than  the 
criteria  for  urban  atreete.   labia  11  liata  the  najor  function  of  each  type  of  urban 
road. 


mu7 
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TabU  II 


URBAN  HOAOWAY  FUNCTIONS 


frMwiya  and  pazfcv^s) 


Ifajor  Arterial  SyatM 


Collector  Street  Syeten 


Local  Straat  ByatMS 


Prorldaa  for  aapadltleva  aovaMat 

nf  Targe  voluaea  of  through  traffic 
between  area*  and  acroaa  the  cl^» 
and  not  iataadad  to  ytovida  Xaadk 
aeeaas  aaivica* 

Provides  for  through  traffic 
laovement  between  areas  and  acroaa  the 
dej  and  direct  aeeaas  to  adjotnlnt 
property;  subject  to  necessary  control 
of  entrances,  exits,  and  curb  use. 

Provides  for  traffic  oovement  between 
■ajor  artadal  and  local  atraeta*  and 
direct  aceeee  to  adjolnlat  ptopertj* 

Provides  for  direcL  access  to 
adjoining  land  and  for  local  traffic 


The  claaalf iaatlona  aaxxy  «lth  than  a  aet  of  snggeated  Mtalem  deaife 
are  In  keeping  with  the  laportance  of  the  oyotan  and  are  related  to  the  apeelf le 

portation  services  the  system  is  to  perform.  The  functions  of  the  rural  road  system 
helrarchy  are  essentially  similar  to  the  urban  road  systea. 


It  la  likely  that  exceptions  to  the  classifications  described  above  occasionally 
«111  occur  aod  adjuataents  in  assigned  values  could  be  aade.    Such  differences  are  aost 
likely  to  be  titim  reault  of  radically  altered  traaaportatlon  pateema  uhlch  hava  randaxed 
portlona  of  Aa  ayaten  ohaolate  or  of  recant  ^***-^*  nhldh  ontatrlp  the  ability  of  the 
edalnietratlve  wfmtum  to  provide  an  adaqnata  roadvay* 

Mbw  Bpeelfle  Infecnation  on  claaalficatlon  criteria  my  be  found  in  rafofnnco  1« 


Grltleallty  Faetora 

A  procedure  for  detetalQlng  Che  crlcieality  factor  for  AI8  affects  Is  outlined 
be  loir* 


vm>8 


Digitized  by  Google 


t*    G«t  Federal-Aid  Highway  Map  of  region  of  interasc  from  FedMAl 
Ufliway  AdBlnlstrftCiOD  CEBMl)  or  Croa  State  Departaant  of 
TransportatloBi 

2.  Identify  the  bridge  on  the  nap. 

3.  xdmtUy  tha  toad  or  atraat  laadlog  to  asd  frov  tba  brldfte. 

4.  Idmtlfy  tba  road  or  atraat  (If  war)  paaalns  iindor  tba  bcldia* 

5*    Identify  the  claaalflcation  of  tba  tmo  roada  or  atraata  fn» 
tba  letand  on  tba  aap* 

6*    Select  a  criticality  factor  frcn  Table  III  based  on  tba 
highest  p£  the  two  road  or  street  classifications. 


labia  III 

GtZnOkLIR  Pi£TOI8  I0&  iSS  EFFECTS 


Criticality 
Factor  (CF) 

Road  or  Stn 
Rural 

lat  Claaalfication 

_  Urban 

3 

Intaxatata 

2 

PrlMry 

Htjor  Artarlal 

1 

Saeondatj 

Collector 

0 

Tertiary 

Local 

SOCIAL/SURVIVAL  (S/b)  i-fitCIS 

Evaluation  of  tba  aocial/aurvlval     fact  la  based  en  tba  need  for  roadsaya  Insdlataly 

following  a  disaster.     It  is  possible  to  use  roadways  with  degraded  levels  of  perfomance 
as  long  as  continuous  routes  can  be  established.    Vlhen  evaluating  the  S/S  affects  on  a 
ayataa*  tba  prloaxy  raqnlalta  should  be  Ideatlf  jlng  a  ayttaa  vbleh  can  facilitate  tha 
eMrsan^  aazvlcea  liatad  In  Table  IV  aa  rapidly  as  poaaibla. 

It  la  obrloua  that  the  evaluation  of  tha  north  of  a  brldae  In  the  aocial/avrvlvnl 
related  eontoKt  la  co^oitoded  by  the  nnoertalaty  of  nhese  the  dlaeatar  alfht  atrlke  and 
the  eonylexity  of  tha  traaaport  natworit*   Honaver*  a  auhjaetive  approach  la  preaented  for 

consideration. 
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Obtain  a  detailed  nap  of  an  area  and  detecnlne  the  extent  to  which  the  locality  has 
4«v«lof«d  dlawear  plans*  BrldgM  of  liifeax«at  can  bft  raadlly  liiaiitlf l«d«  th«  pspulBtloii 
dMslty  aatlaatad*  tha  tomd  natHotk  lllustratad*  and  l^ortant  aervie*  faeilltlM  (e.g.* 
hospitals*  firs  stations,  «tc.)  Idsntlflsd  on  tho  asp.  Aftor  ths  loeal  dapartaants  In- 
volved  in  disaster  related  operations  are  interviewed,  a  disaster  scenario  can  be  deveX- 
opod*  The  slcnlllcanea  ot  tba  transport  oatwork.*  particularly  bridgas*  can  ba 
aubjaetlvaly  astabllahad  and  appropriate  erltlcallty  factors  selected* 

Critlcality  Factors 

A  prpcedura  for  deteminlng  the  critlcality  factor  for  S/S  effects  is  outlined  below* 

1.    Get  detailed  nap  of  area. 

2*    Identify  bridges  of  Interest  on  the  oap. 

3.    Identify  segment  of  conauolty  or  axaa  vhldi  would  be 

affected  by  the  disaster. 

4*    Identify  hospitals,  fire  stations,  police  stations, 
raaervolts*  and  power  atatlona* 

S*    Identify  preferred  fire  and  police  route  by  telephone 
calls  or  visits  to  the  respsetlve  departoents* 

6*   Identify  alternate  rootes  la  the  event  that  the  brldte 
of  Intesest  im  desttOTed* 

7*    Identify  utllltlee  carried  bridge* 

8*    Select  crltlcsllty  service  fron  Table  IT* 

9.    Record  the  associated  critlcality  factor. 
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TablA  IT 

OmCALXTT  lACMBS  POft  8/8  KrrBCT8 


CtitlcAllty 

Crltlcallcy 

fmetor 

(C?> 

(8ttbj«etlv«  BvAlnatioa) 

3 

Survival  R«laK«d 

•  Cuwrnitotigp* 

2 

iMlth  KalatAd 

•  laergy 

1 

•  BvacMtlmi 

0 

Imtsnifieant 

•  Itadleal  Support 

.  Food 

•  Ihitar 

•  Isw  liil«rc«Mnt 

•  Tif  and  SlsMtvr 

SECD&in/DEFENSE  (S/D)  EFFECTS 


The  1973  Federal-Aid  Highway  Act  requlras  that  a  revised  plan  for  defense  hlghvays 
be  developed  by  each  Individual  State*    The  plan  will  Include,  a«  a  minlsun,  the  Interstate 
*nd  tba  Fadtval-Atd  ptlaaty  TOtttea«  althouali  aoaa  routes  wmj  ba  delated  If  thla  ia  000.- 
sldered  appropriate  bj  the  State*   the  dafeaae  hliJway  network  will  prwlde  eomwetlnt 
reetM  to  iaporteat  allltary  laetallationa*  Indoatrlaa,  and  xeaoureaa  not  aervad  bf  the 
primary  routes  and  will  include  locations  of  the  following: 

.  Military  beaee,  oatleoal  guard  inatalletione*  supply  depots,  etc* 

.  Hospltaisi,  ikcilical  supply  centers,  emergency  depots,  etc. 

•  Uaior  airport* 

.  Defense  industries  incLiidliiK  those  thst  could  essUy  or'  logically 

be  converted  to  such 

•  la£lnarl«a»  foal  atoraga  and  distribution  cantors 

•  Msjor  rallroed  twalotls,  rellhesds,  dochs»  trueh  teralnals 

•  Hsjor  power  planta  ioeladlot  hydroelectric  centers  at  osier 
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.  Major  communlcatlQns  centers 

«  Othttt  facilitlM  xtukt  thm  State  coosidexa  ivportaat  calatlof 
to  aatioul  dataoM  or  aotucal  dlMstor  — rfaet— » 

Brldfo*  ore  conolteced  e  port  of  the  Seoirltjr/Dofenoo  lood  Hoework  data  task  and 

eon  be  classed  In  terms  of  critical,  noncrltlcal,  nonbypasaable,  and  bypassable.  Infor- 
mation on  the  adalnlstratlon  and  operation  of  this  data  bank  can  p6  found  In  reference  2* 

Crltleallty  Factors 

A  procedure  for  detendnlng  the  erltleality  footer  for  i/J>  of f eete  lo  outlloed  below* 

1*    Deteroine  bridge  loeatioa* 
2*  Obtain: 

•  Bead  Section  Ho* 

.  Miles  fron  beginning  of  section 

.   Byri»SB  Code 

.  Average  Dally  Irafflc 

.  Critlcallty  (this  infonetlon  la  eonetinea  available) 
3*   ueb  crieieeliey  and  bTpass  data  enter  Table  V* 
4*  ■  lecwd  crlcicallC7  factor. 

Table  T 

CUnCAUTT  FACKttS  IDft  S/D  BFIICIS 


Crltlcallty 

Bridge  CntlealltF/ 

Factor 

Alternate  Boota 

(CF) 

3 

Critical  Structure/Nonbypassable 

2 

Critical  Structure/Bypassable 

1 

Roncrltleal  Stmeture/MenbFpesseble 

0 

Vonerltteel  Stmetura/Bjpoeabls 
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ECONOMIC/FEBSONAL  (E/F)  EFFECTS 


Tha  nttuar*  of  itorth  of  a  lirldge,  durlttg  th*  recovery  period,  relates  to:    (1)  the 

aaount  o£  traffic  which  normally  passes  over  Che  bridge;  and  (2)  the  somewhat  rare  in- 
atcncea  In  which  a  severed  bridge  isolates  s  eoBumlty  from  its  prioaxy  source  of  business. 

The  average  aaaual  dally  traffic,  AADT,  Hated  in  Table  VI,  as  it  relates  to  Che 
erltleallty  factors,  is  In  general  agreenent  wlcb  the  road  or  street  claaaifications 
llstsd  in  Table  III.    Sons  adjustaeiit  can  be  nsda  by  the  ioveatigatox  to  characterise  the 
laportanee  of  a  particular  bridge  vifbin  the  envlronaent  of  a  particnlar  ccaamlty.  For 
instance,  the  AliDT  over  a  bridge  In  a  rural  envlronaent  nay  be  significantly  below  the 
top  category  (AADT  ^  80,000),  buC  Che  bridge,  as  the  only  link  betwaea  two  cooBaunlties, 
■ay  have  a  higher  level  of  iaportance  than  would  be  indicated  by  the  AADT  alone.  A 
weighting  factor,  then,  could  he  applied  to  the  AilDT  idiich  provides  the  adjustment.  It 
la  laportent*  however*  to  «alntala  consistency  when  applying  the  welghttng  factors  to 
each  bridge  In  Che  geographical  area  of  InCeresC  so  CbaC  Che  relative  importance  of  each 
bridge  Is  characterized. 

Crldcallcy  Faccors 
A  procednxe  for  detezaining  the  criticellty  factor  fa  outlined  below. 

1.  Identify  the  road  and  the  road  section  (Intersection,  tOWn, 
nlleposc,  etc.)  on  which  the  bridge  Is  located. 

2.  Determine  the  estittsted  average  anaoal  daily  traffic  over 

the  bridge. 

3.  Eater  Table  VI  at  the  appropriate  level  of  traffic 

4.  geleet  and  record  the  critieality  factor. 
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Tabla  VI 

CRinCALXn  PACIOtS  fOR  i/9  BFFBCIS 


Crltlcallcy  Avms*  Asnual  Dally  Traffic*  (AiOT) 

Factor  Over  Bridge 

(Cf) 


3 

80,000  - 

2 

25,000  - 

79.999 

1 

5,000  - 

24,999 

0 

0  - 

4,999 

*AADT  is  the  total  yearly  volume  (number  of  cars  passing  a  particular 
point)  divided  by  the  nuaber  of  days  la  the  year. 


UKOKfUMM  mWCrS  ON  BRID6B8 

To  batter  mdentaad  miaale  affaeta  on  atnicturaa,  aaiaale  daaaga  to  brldaa  abutMiit*, 
Plata,  gicdera  an4  auppocta  lies  baan  docoMiicad*   Daaaga  eypleelly  oeeura  to  brldgae  having 
the  folloving  Inherent  week  detellat    1)  bearing*,  2)  aubatraeturee,  and  3)  feundatloiiB* 

Types  o£  failure  mo»t  often  obs0rved  are:     Ciltlng,  settling,  sliding,  cracking,  and 

overturning  of  aubstrnctttres;  dieplecenent,  cracking,  and  dislodging  of  girders  at  mof- 
pertsi  ahaaring  or  pulling  out  oi  anchor  belts  and  crushing  of  cenerats  at  avvpo'^l 
erasing  of  conctete  coluonsi  pulling  out  of  rainf orelng  bars  at  column  caps  or  footlngs| 
and  eettleneat  of  approach  roada  and  allppage  of  wingoaUa  fron  abutnenta. 

A  aeudj  antitlad  "Salmle  Istrof  Ittlqg  of  Existing  Ugbv^  Bridges,"  Mportsd  in  the 
Proceedings  of  the  Sixth  Joint  UJHlt  Panel  Conference,  was  conducted  to  identify  end  define 
through  structural  analyses  practical  techniques  and  criteria  for  retrofitting  existing 
bridges  to  increase  resistance  to  seisnic  forces*    Simplified  nathenatical  aodels  of  seven 
existing  hlf^msy  bridges  representing  predonlnant  types  of  construction  were  used  for 
developing  general  retrofit  concept**   Kaeh  bridge  uns  analysed  for  4fMnlc  struetursl 
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response  when  subjected  to  an  analysis  earthquake.    Failure  otechaniaais  vhich  correspond 
elosaXy  to  eb««rv«d  failure  aeetiaiiisM  dasexlbed  Above  were  identified  for  each  of  the 
bridgea*  aod  five  yreliBioery  8*b*'*1  retrofit  eoeeepta  were  tdeetif led»  Inelading  the 

I.    Superstructure  horizontal  aotiott  reetrelMre  for  hiatM*  eaqpeeeioa 
Joints*  bearings,  etc. 

2*   Beering  reetralnere  -  vertical* 

3*   Bearing  area  widening  teduiqneoi 

A.   Colum  or  pier  atrengthealng. 

5.    Foundation  strengthening. 

Severel  altematlveo  were  developed  for  each  eeacept* 

Mo  Btralghtf  omazd,  totally  r« liable  aethod  esieta  to  detendne  the 

aoaeeptibllitT  of  a  bridge  to  dawige.   Ttaa,  loeatloa,  and  iMgnitude  of  an  earthquake  eeo/- 

not  be  predicted.  Therefore,  mathematical  analysis  o£  a  large  ninUier  of  bridges  in  a  geo- 
graphical region  beconaa  Inpractlcal  becanae  of  prohibitive  coat  end  excaaaive  tlaa* 

The  procedure  outlined  below  represents  an  initial  attempt  to  quantify  a  structural 
factor  (SF)  to  be  need  in  aaking  the  daclaion  on  whether  or  not  to  retrofit*    It  reliea 
heavily  an  engineering  Jodgnent  and  la  baaed  aotaly  on  obeervad  daaage  cauiad  by  peat 
earthquakea.  Additional  tbonghta  ahould  b«  given  to  quantification  of  the  atructural 
lector* 

gtructural  Factera 

Tba  procadare  for  dateralning  the  atructural  factor  la: 

1*  Deteraine  the  atructural  type* 

2*  Bxaaina  the  atruetura  for  known  vulnerable  deteile* 

3.  Enter  Teble  VII* 

4*  Saleet  and  record  the  atructural  factor* 
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snocnnua.  pacims  m  nisTiw  budges 


Stmetural 

Factor 

Brldt*  lyp*  -  Stttails 

(SF) 

0 

Slaply  Bupportcd  single  and  wltlpla 

tpaa  teldgu  or 

Reinforced  concrete  slab  brldgea  with 

two  bioge«  or  haagars  la  any  one  spao 

or  In  adjacent  spans* 

1 

Conclnuous  span  bridgas  vlch  at  laaat 

one  hinge  or 

on  one  or  both  sides  of  iaverted  T  caps. 

2 

Sl^ly  supported  spana  wltli  contiiiiioMa» 

cos^QBlce  alaba  or 

Long*  continuous,  compos lea  ralnf oread 

concrete  slab  brldgea  witbout  expansion 

Joints  In  adjacent  spans  having  a  binge 

or 

OnOt  two,  or  three  span  bridges  with 

blgb  backfilled  or  bin  ^e  abutMata* 

3 

single  span,  rigid  fraoe  bridges  or 

Conclnuous,  iniltlple  span  brldgea 

without  expansion  jolaca* 

The  State  of  California  jceliea  aolaly  oa  raeogaltion  of  bridge  type*  identified 
in  Table  VII «  to  detemine  whether  or  not  retrofit  is  warranted.    Strueturee  having  a 
atractural  feetor  equal  to  0  or  1  are  conaidered  for  retrofit  while  Aoee  having  a 

atructural  factor  equal  to  2  or  3  are  not  conaidered  for  retrofit* 


vni-16 


Digitized  by  Google 


SUffLI  FBOBLEM 

BvaluAta  thm  twe-apaa,  aiqply  supportad  brldf*  on  0.8.  45  enmt  Da«  FlalnM  tlvari 

near  Chicago,  Illinois. 

Crltlealltj  Factor  Baaad  «d  ATS  l£faeta  (Blawnt  1,  fliiiita  1) 

1»   A  wp  of  tha  aroa  contalniiiK  Clia  bxidga  Indlcataai 

•  U.S.  45  load*  to  and  froa  tha  bridge 

.  There  is  no  road  or  street  passing  under  the  bridge 

•  The  road  croaalog  tha  brldga  la  claaaad  aa  "Wjor 
artarlal"  -  tha  road  ia  a  foor-laaa  highway  to  aa 
arbaa  aiaa 

2.  TroB  labia  III  tha  ctltlcaU^  factor  ia  2,  (CF>  -  2. 

3>   IroB  Flsiira  1*  SlaaNat  2*  tha  nost  point  of  avaliiatloD  la  Bloaaat  3« 

CriticalltF  Factor  Baaad  oa  8/8  JEffaeta  (Elaaaat  3*  Fl|iara  1) 

1*    If  the  bridge  Is  dowa,  Che  coomunltlee  o£  Hickory  Hills  and  Justice 
would  ba  isolatad  from  Boi^klaa* 

2*  Alternate  routes  between  those  cotoaunities  would  be  the  toll  road 
bridgo*  Haataortb  Avanua  Brldga*  Bouta  171  Brldga,  and  tha  Harlan 
Avanna  Brldga> 

3.  Tha  routa  (U.S.  45)  la  a  prafarrad  pollea  and  flra  dapaYCamt  routa; 
hoifaver,  tba  bridge  la  not  critical  to  aaarg^acF  aarvleaa* 

4.  HoapltalBt  pollea*  and  flra  aarvleaa  axlat  on  both  aldaa  of 
tba  brldga* 

5*   Iha  brldga  la  eonolderad  Inalgolf  leant  and  tnm  Tabla  IT  a 
erltlcallty  factor  of  0  (CF  >  0)  la  aalactad* 

6*   Froa  Flgara  1,  Bleaent  4*  tba  next  point  of  evalaatlon  la 
BlaMAt  5. 
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CciticallCy  Factor  h—d  on  S/D  JU£*ct»  (EImmoc  S»  Flfur*  1) 

1.  Prom  th«  Planning  Department  of  the  Illinois  Department  of  Transportadoa, 
Sprlngficldt  Illinola,  ch«  following  data  on  cha  brldga  waa  obcalaad* 

,  Road  Section  No.  [IClnd  2,  designation  1,  No*  12]^ 
icea  679^ 

•  MllaB  fnia  btglimlDg  of  MctSjoa  ^3 
.  lyMM  Cod*  §^ 
.  Average  annal  daily  tvefile  44, 3QQ 

.  Cclclcallty  NC 

2.  Froa  Table  V,  the  crltleality  factor  is  1  (oooeritical  •traetura/ 
nonbypasaable) t  CF  -  !• 

3.  From  Figure  1,  Bleaent  6*  Che  next  point  of  evaltiatloa  is  Element  7> 

Crltiodllty  raekor  Based  on  t/f  Xffacto  (ttsMiit  7*  Figatm  1} 

1.  Avorago  aimal  daily  traffic  ovar  bridg*  ia  44*900  (froa  tat*oa>l  Otata 
Oajartaaat  of  fiwaaportatiaa.  flaaoing  Bevartaaat)* 

2.  From  fakla  TI»  tho  eritieaUty  factor  ia  2>  (Cf  •  2). 

3*   Froa  Figttxa  1,  Kleaaat  7,  the  oaxt  point  of  avaluatioa  ia  llMant  $• 


1.   ladieataa  tff  of  road  (confonity  to  Vadaral  coda  not  yat  covlatad}. 

2*   Indlcataa  tlio  loeatioa  of  teida*  (Stata  code). 

3*    lodicatoa  analiar  of  ailaa  of  bypass  required  if  bridge  la  eat. 
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8«l«et««tt  af  UghMt  Cvltiealttr  raetoc  (Blunt  a*  flgvM  1) 


JilSSl  CrltiolitT  Itetor 

iXB  2 

S/8  0 

8/l>  1 

B/P  2 

1.  Th«  highest  crltlcality  factor  Is  2  (CF  "2). 

2.  BalACt  •tntctttcal  factor  (BlaaMit  9)»  Figura  I* 


Btcactttcal  laecor  (ST)  BImm at  9»  fiiura  1 

•  from  labia  Vllt  tha  attuetaral  faetoc  fov  Cha  toldga  la  0 

(87  •  0)«   11m  brldga  la  uaaetnd  In  tha  avant  of  aa  aarcliviaka* 
(A  separata  aaalytleal  atudy,  not  r«portad  karalii,  condnetad  for 

tb«  bridge  verified  that  the  bridge  la  uoaound  in  the  event  of 
«  •tfoag  aarthqualra.) 

•  FroB  Figure  1,  the  next  point  of  evaluation  is  Elenent  10* 


Ooaparlaon  of  HlghuBt  Crltlrality  Factor  with 

Stroctucal  Factor  (Element  10.  Figure  1) 


CF  -  SF  -  2  -  0  -  2. 

FroB  Figure  1,  the  final  point  in  the  process  is  Element  12* 


Based  on  the  foregoing  methodology,  a  bridge  retrofit  Is  warranted. 


A  new  procedure  has  been  presented  which  may  help  adolnlatrations  decide  which,  if 
any*  hl^umj  hrld(Ba  altoatad  in  aalamleally  aetlva  azaaa  should  ba  atraetacally  iipgradad 
to  caalat  futvra  aarthqiiafca  Indvead  da»aga»   Thla  npraaaota  tha  flrat  attaapt  to  Idaatlfy* 
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prior  Co  th«  occurrence  of  en  eerthquekei  wbet  Che  worch  or  loee  of  e  bridge  aeeoe  to 
«  eonmi^*   It  1*  raeognlsed*  hoaiwar,  tluit  cIm  oetbod       abortcoalntSt  parclcolarly 
wImb  wad  to  eraluate  a  group  of  bridges  In  •  glveo  geographic  ecee<   Undoubtedly,  fmda 
will  not  b«  available  to  upgrade  those  atmetares  which  mrrant  retrofitting*    Thin  will 
require  further  aoalysls,  probably  a  yet-co-be-d eve loped  cost-benefit  anelysls.    Also,  a 
etructural  factor  (SF)  which  la  based  on  currant  bridge  inspeecion  raporte  aheuld  ba 
devalof ed  and  Included  in  the  nethodology.   And  finally*  the  wnigbting  of  critlcallty 
factora  (CF)  ehould  be  ewnnined— petfhaps  note  off ecte  then  the  four  dlscasaed  should  be 
eanaldamd* 

Although  the  Mthodology  wae  developed  epeelf ically  for  the  purpeae  of  identifying 

those  existing  bridges  which  warrant  selsoiic  retrofitting.  It  can  be  modified  and  used 
as  a  tool  to  Identify  those  existing  structures  vulnerable  to  damage  cauaed  by  other 
types  of  natural  diaastars. 
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CRITERION  ON  THE  EVALUATION  Of  SElbMIC  bAfU'^t 
or  BXISTIHG  RBIMPORCBD  CatCKBOS  BUILDINGS 

Bttildlntr  MMC^  Institute,  MnUtxy  of  Oonstraetleii 

ABSTRACT 

til*  outlliw  of  *%rlt«rioo  on  tins  Bvaluatlon  of  Selsnie  Smtmtf  of  Xxlstiiigf  Itoiiitercod 
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KEYWORDS :     Evaluation  method  of  seismic  saf<>ty;  non-structural  elements;  reinforced  con- 
crete buildings;  structural  elements;  seismic  safety  index. 


yiii-22 


Digitized  by  Google 


1.  HWaOPUCTIOM 


This  report  describes  the  outline  of  "Criterion  on  the  Evaluation  of  Seismic  Safety 
of  Existing  Reinforced  Concrete  Buildings"  i^ich  was  compiled  by  the  joint  comittee  chaired 
by  Dr.  H.  HBMnura,  Professor  of  Tokyo  University,  with  the  comission  by  tbm  MLnUtry  of 
OomtruGtloH*  iliipnukM  fiovaniMat, 

Tlw  Inilldiiiga  «hl^  thia  arltarlaii  oovsrm  ax*  lov-and  mdtwria*  ralnforcad  oonerata 
bmildliiga  ooostxaeted  fey  ovdlnary  ooaatruetlon  nethoda,  axA  itmm  tor  «walaatlaii  un  not 
only  aivar-atruetura  Itaalf  bat  alao  noifatnictiirai  alaoMinta  autfh  aa  axterlor  finlah 
alwiita.    Foxther*  tlwaa  amluatlon  natlioaotoglaa  oonalat  of  thraa  at^a,  fron  alvpla  firat 
acnMiiiiig  to  complicated  third  scXMBlag. 

The  result  of  evaluation  is  expressed  by  the  continuous  numerical  values  but  the 
result  shall  be  judged  by  the  engineer  who  uses  this  critsrion  considsring  iadlvidiwl  and 
social  impacts  caused  by  presumed  damages. 

Moreover,  the  results  by  this  criterion  on  dcunaged  and  un-damaged  buildings  in  the 
Tokachi-oki  earthquake  (1968)  are  shown  as  a  reference  for  the  judgment. 

2.  «n  ooMsnvoTxoir  or  tbk  sshkhbsis  mrax  reprbsbntiims  sexsnic  safbty 

2.1   Definition  of  Seismic  index 

Vhs  aaiaadc  safety  of  a  building  is  repraaantsd  in  tba  following  two  iraaiarlcal  iadSMS 
and  tha  laxgar  valoa  wsana  tlia  hi9li«r  aaisHle  safety. 


Salanie  IndMt  of  Straetoxai 
Saisnlo  indas  of  Mn-Structiixal  Bli 


2.2  Oonatitutlon  of  I^-Inda» 

X^^lndex  ahall  bo  calculated  by  Bq.  1  for  both  tiia  longitudinal  and  ridga  dixeetiona 

at  aac^  floor  of  the  building  under  oODsidaration. 

However,  the  following  G-Index,  T-Index  and  S^^-Index  in  the  first  screening  are  the 
constants  to  a  particuleu:  building  independent  of  the  floor  location  and  direction. 

•  Bq  X  0  X      X  T  (1) 

B^  •  SaiaMle  Sub  Indax  of  Baaie  Stmetural  Parfoxmanoe 

G   *  Seismic  Sub  Index  of  Ground  Motion 

Seismic  Sub  Index  of  Structural  Design 

D 

T   <=  Seismic  Sub  Index  of  Time-Depended  Deterioration 

2.3  Calculation  of  Seismic  Index  of  Structure 
1}  G«iaxal 

in  oxdax  to  oalonlate  tha  value  of  I^-Index*  any  ona  of  tiie  fixat,  tfao  aaoond  and  tha 
thlxd  avalvkatlon  nathod  tiay  be  uaed.   Bowaver,  tha  value  of  G-Index  my  be  taken  aa  1.0 
fox  all  oaaaa. 

2)     The  Fixat  Evaluation  Hethod 

Bf|-lnd«at  ia  ealeolatad  fxooi  tha  horiaontal  atxength  of  a  building*  bdaed  on  tiie 
of  the  horiaontal  area  of  oolwna  and  walla  and  on  their  aaannd  unit  atxength. 
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S^-Index  is  evaluated  based  on  the  results  of  the  eight  check  points  concerning  planning 
and  flaetion  of  tha  fauiUlng. 

^indax  !■  avaltiKtiadf  buad  on  tho  ago  of  tha  bonding  and  tha  obaarvad  roaulta  of  tba 
diatortioo  and  eraicks  In  oolunw  and  walls. 

3)     Tha  eacond  »<>ialwatlon  watbod 


BQ-Indax  ia  oaloKdatad  fron  tba  oltinata  horlaantal  atzaiigtb,  fallura  aedaa  and  due- 


tili'^  of  eolvana  and  walla  vith  the  assunptlon  of  infinitely  strong  floor  system. 

S^- Index  is  avaluated  baaed  on  the  results  of  calculated  horizontal  rigidity  distribution 
and  vertical  mass  and  riaidlty  distribution  in  addition  to  tba  rasults  of  tba  check  points 

in  the  first  evaluation  method. 

T-Index  is  evaluated  from  the  investigated  quantitative  results  on  structural  crack- 
ings, distortion,  changes  in  cjuality  euid  deterioration  o£  the  building. 

4)     Tha  Third  Bralumtion  Hethod 

B^-lndas  ia  ealcmlatad  feen  tba  ultiaata  horiamtal  atcangtbr  fallura  ■odes  and  flaxi^ 
blllty  of  ooliana  and  walls,  basad  on  fUlnxo  aectaaniaB  of  fzanas  witii  considantion  of 
strangth  of  baa—  and  ovartuming  of  walls* 

^-Zndm  and  T-lndax  nay  ba  takan  as  tha  aana  valuas  used  in  tha  saoond  avalvatlon. 


3.     OBTESMINATION  AND  CONSTITUTION  OF  SEISMIC  SUB  INDEX 

or  BASIC  STRDcnimL  PBRPonauicB, 

3.1  General 

E^-Xndex  in  each  evaluation  method  is  expressed  as  function  of  si^lndax  of  strangth 
C  (bearing  capacity  of  the  building)  and  of  sub>indaK  of  ductility  F  (dafoEaation  ability 

of  the  building)  and  so  on. 

3.2  The  First  Evaluation  Method 
1)  General 

After  dividing  the  vertical  MHibera  of  Oe  frana  into  tin  following  three 


B^-mdes  ia  ealoolatad  baaed  on  the  siavly  ealeulated  valuaa  of  Oindam  and 
followsi 

a.  ool«nt   oolmn  with  olaar  hal^t  (b^)  agpal  to  or  shorter  than  the  di^ 

of  oolm  (D). 

b.  axtzeMly  abort  odant    oeluan  with      equal  to  or  shorter  than  twice  D. 

c.  wall:    reinforced  concrete  wall  with  or  without  surrounding  flraaing 

2  )    Eg-indcx  of  buildings  without  the  extremely  short  colvanna 
E^-index  of  buildings  without  the  extremely  short  colunns  nay  be  calculated  fron 


Eq.  2, 


E-  -  ^  (C    +  o,  •  C  )  X  F  (2) 
0     n+i     w      1      c  w 

n   ■  total  number  of  stories  of  the  building 

j   "  nuBibar  of  stories  of  the  floor  under  inspection  counted  froai  the  first  atory 
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•  oindM  of  wall*  oalfiolated  by  tq,  6 
c  »  OlnteK  of  oolm/  o«lottl«tad  by  B^.  7 


>  (Son  of  ths  latonl  wbmar  fiaccM  boaxvd  tgr  eolinns  in  the  dicplaeaMiit  at  tha 

ultimate  strength  of  walls)/  (Sun  of  the  ultimate  strength  of  the  column^}  may 
be  taken  as  equal  to  0*7*  except  in  caaa  of      •  0  nbere      may  be  taXen  aa 

equal  to  1.0. 
-  F-lndex  of  wallsj  may  be  taken  as  equal  to  1.0. 


3)     BQ-AaJait  of  buildliMW  witti  a«tra«aly  abort 
Bg-'iadiat  of  bnlldiiiga  vitii  axtrtaaly  abort  eoliaona  ahall  ba  aqpial  to  tba  larger  of 
two  following  values  of  E^;      oalculated  fro*  Bqt>  2  neglaetliif  tba  aactreaaly  ritort  eolmaa 

and  Eq  calculated  by  Eq.  3. 

However r  in  case  that  the  extremely  short  columns  are  the  secondary  seismic  elements 
defined  below,  EQ-index  shall  be  computed  by  Eq.   3.     The  structural  elements  whose  vertical 
loads  can  not  be  sustained  by  surrounding  structural  elements  such  as  beans,  walls,  and 
ooluana,  after  bavlag  raaobad  to  Oair  oapaeity  under  lateral  aaiHd.e  loada,  are 

dafiaad  aa  the  eeoondary  aeisnlc  alenenta. 

»0  •  ^  t^o  *  «a  *  «^ir  ♦  *3  •  V  «  'ao  <" 

C^^  -  Oindex  of  aatmaly  abort  eolnvDaf  oaleolatad  by  B^* 

■  OladaK  of  umlla*  oaleulated  kr  Bq.  6 

"  C-indax  of  oolvna  not  Including  extrmely  abort  colwata*  caloulatad  by  Bq.  7. 

■  (Sw  of  tba  lateral  shear  forces  beared  by  walls  in  the  displacenent  at  the 
ultimate  strength  of  extremely  short  ooluana)/(SaB  of  tba  ultlnata  atrangth  of 

the  walls);  may  be  taken  as  0.7. 
ttj    ■  (Stun  of  the  lateral  shear  forces  beared  by  the  ordinary  columns  in  the  displace- 
ment at  the  ultimate  strength  of  the  extremely  short  columns) /(Sum  of  the  ultimate 
atrangth  of  tha  ordinary  ooluans) ;  may  be  taken  aa  O.S. 


F  -  r-indax  of  entreaely  abort  ocilt— ia»  nay  be  taken  aa  0.8. 
ae  ' 


3.3  the  saoood  Bvaloatlon  Netihod 
1> 


VertloBl  atruetnral  Mitera*  that  ia*  oolwna  and  vnllai  ara  daaaiflad  into  tba  fiva 
fbllowing  oatagoriaai   a)  flaxunl  oolaana,  b)  fla>ural  malla,  ol  tfhaar  odiana,  d)  Aaar 
walla*  and  a)  extremely  brittle  columns. 

These  classifications  are  made  by  comparing  the  load  carrying  capacity  of  each  iB«nber 
for  flexure  with  that  for  shear.     Shear  columns  may  be  classified  as  extremely  brittle 
columns,  provided  that  its  clear  height  is  less  than  twice  its  depth. 

iba  ultimate  strength  of  each  nenber  subjected  to  flexure  and  ahear  ai^  be  dataxminad 
In  aooordaaea  vlth  Bqa.(9)  to  (14)  In  Baotixm  4.2. 

Tha  F-indax  of  flagmrat  ooluwna  and  flaoniral  walla  My  be  datendaad  by  Bq*.  (20)to 
(23).    Kba  B^indax  of  tba  other  maHira  ia  ftxad  to  ttm  ftoUoHiag  Yaluaat 
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F  ■  1.0  for  shMT  oolmmB  and 
F  •  0.8  for  cxtBeaaly  brittle  oolunns 
Having  dstandnad  the  F-valoes  of  all  oolmna  and  valla*  thay       gimgpad  Into  thne 
or  laaa,  and  tb«n  G-lndax  of  1  groqp  nay  hm  obtalaadl  aa  follcwai        -  (Sun  of  tha  oltiaiato 
atrvngtlk  of  tha  whara  bolooging  to  t-«Koiv)/£ir  (-  total  weJ^t  of  the  portion  above  the 
floor  under  inspection).   B^-lnOax  will  tlina  be  obtained  in  aooordanoe  with  the  followiag 
articles  2)  and  3)  . 

2)      Eg-index  of  buildings  without  extremely  brittle  columns 

Eq- index  of  buildings  without  extremely  brittle  columns  nay  be  determned  as  the  larger 
of  two  values  computed  by  Eq.  4  and  Ijy  Eq.  5.    However,  in  the  case  that  the  shear  columns 
axe  elaaslfled  ma  the  aeoondary  aeienie  elenents,  B^-valua  ahoold  be  deterwlaefl  by  Eq.  $, 


Eq  -  ^  /c^xF^)^.   (C^XF^)'*   (CjXf/  (4> 


Where. 


*  C-index  of  the  meiiibers  classified  into  the  1st  group^  which  have  relatively  low 
value  of  F-index 

C2  ~  C-index  of  the  nenbers  classified  into  the  2nd  groups  which  have  nMdluB  value  of 
F-ladex 

•  C-index  of  the  mriMra  claaelfled  into  the  3rd  gvovp*  which  haive  relatively  high 
value  of  F-lndex. 

F^  "  F-indes  of  let  sro»p»  taken  as  the  leaat  value  of  F^indeaaa  of  tiie  —here 

claaalf  lad  Into  the  let  gromp 
Fj  "=  F-index  of  the  2nd  group,  taken  ae  the  least  value  of  the  F^lnderea  of  the 

classified  into  the  2nd  group 
-  F-index  of  the  3rd  group,  taken  ae  the  leaet  velue  Of  the  F-indexea  of  the 
classified  into  the  3cd  group. 

»0-^<«^*V2*W«'l 

«bere» 

"  (The  BUB  of  the  lateral  ^hear  fteeea  beared  by  the  2ad  groqp  eaBbere< 
Ing  to  the  dlaplaoanent  at  the  oltinate  etrength  of  the  let  groqp  annfinral/tTha 
s«  of  the  ultiMte  atrengtli  of  the  2iid  gveo]^  MMbera)  t  nay  be  taken  aa  the 
values  shONR  In  TUkle  1. 

=  (The  sum  of  the  lateral  shear  forces  beared  by  the  '^t'^  qroup  aaebera,  correspond*^ 

inq  to  the  displacement  at  the  ultimate  strength  of  the  let  group  members) /(Die 
sum  of  the  ultimate  strength  of  the  3rd  grovq?  aambers) 1  aiay  be  taken  as  the 

values  shown  in  Table  1. 
3)      E^-index  of  the  buildings  with  extremely  brittle  columns 

S^-indeat  of  the  buildings  with  SKtranely  tolttle  oolusne  should  bs  the  highest  of  tlie 
following  three  valueat 

a)  The  value  oospited  by  Sq.  4*  neglecting  tfas  sxtrsasly  brittle  eolwns, 

b)  Hm  value  computed  by  Bg.  S*  nsgleotlng  ths  sxtrsMly  tibaxt  oolunst  and 
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e)     The  v«1im  cg^ntmA  ^  Vq.  S  aoaaiSmtimg  the  extnnely  diort  oolvan      tlw  £lr«t 

RowavvTr  ntam  tlw  cxtnwly  ^wrt  colms  mrm  tlw  •■condazy  Mlaode  aliBaBtBr  B^^^aloM 

should  be  computed  baaed  on  the  coadltlen  e>* 
3.4   The  Third  Evaluation  Netbod 

1)  General 

The  lateral  load  carrying  capacity  and  failure  mode  of  vertical  structural  members  may 
be  determined  fron  conedieration  of  the  flexure  or  shear  failure  of  beams  and  overturning 
oapacity  o£  walla.   Vha  vurtioal  atcuotocal  AMbara  an  tiwa  oalaaifiad  SMo  Uam  fbllotring 
•ight  catagorlaac   a)  flaxural  ooliMWt  b)  flaxoral  imlla*  o)  sbaar  oolinwt  d)  ahaar  walla* 
a)  axtnaaly  brlttla  oolma,  f )  baan  ylald  1^  ooliwna  (oolanna  vhoaa  lataral  load 
oarcyiag  capacity  dapcads  on  tiw  flastnral  yield  of  beaw)  #  g)  baan  tUmae  failura  ^np* 
ooluMM  (eoluBDa  o£  which  lataral  load  carzying  capaoiiyr  dapanda  on  tba  iftwar  £ailiira  o£ 
baans) ,  and  h)  ovaKtamliig  tgrpa  mlla  (walla  of  whidi  lataral  load  oarzylag  oapaoi^ 
depends  on  their  ovartomlag  capacity). 

F-index  for  the  members  classified  into  a)  and  b)  may  be  determined  by  the  equationa 
shown  in  Section  5  and  for  others  the  F-index  loay  be  fixed  to  the  following  valuaa* 
r  =  1.0  for  shear  columns  and  walls 
F  ■  0.8  for  extremely  short  columns 
p  -  3.0  for  ba«b  yiald  tjpa  cclwnw 
y  ■  1.5  for  ban  abaar  failora  type  oolmaa 
F  •  3.0  for  ovKtoxnlng  tnm  walla 

2)  Creupiao  of  Tertieal  atractural  awatwra  and  deterwinatieo  of  Bg^iiideai 

Tba  gcovipiBg  of  mrtieal  atcuetuzal  wtahmtm  in  aeoozdanea  with  thair  F-indax  and  tba 
dataznination  of  B^-index  nay  ba  parfoxwad  aa  in  tba  2nd  awaloatlon  wathod. 

4.     CALCULATION  OF  STRENGTH  INDEX,  C,  AND  DETERHINATION  OP  PAILORB  NOBB 

4.1  Firat  Svalnation  Method 

n»  C-iadex  for  the  let  e«all»tl0B  eetbod  at  a  floor  may  be  determined  by  the  follow^ 

ing  equations  using  the  cross  sectional  areas  of  columns  and  walla  at  tha  floor  and  the 
asBUBad  ultinate  strength  in  tanu  o£  maan  shear  stress. 


-  ^  *  V  *  \2  '  \2  *  ^3  •  *»3> 

T  A 
-  C  SC 

T  A 

^ac  -       *  5^ 
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where, 


C      -  C-lndex  of  walls 
w 

C     -  C-index  of  columna 

c 

C     -  C^indn  Af  nteMMly  ahart  ooltnis 
so 

T^^  •  Mean  shear  stresa  of  mils  at  tbelr  atrangth*  with  aurzoondlng  ooluans  at  toCb 
anda.    It  mtf  be  aaauwaa  aa  aqpal  to  30  kg/cn' 


"  MMUi  alM«r  BtM»«  of  «»lla  at  thalr  atrangtht  with  oolwis  *t  on*  and*  it 


2 

aa  aqual  to  20  tof/em 


T  ,  •  Naan  «baar  atsasa  of  walls  at  thals  atrangth,  without  eolnaoia.    It  wag  ba 

W3  2 

assuBMd  as  equal  to  10  kg/cm 

T     =  Mean  shear  stress  of  columns  at  their  strength.    Tt  may  be  assumed  as  equal  to 

C  2  2 

10  kg/can  ,  except  In  the  case  of  7  kg/cm    for  columns  whose  h^^/O  are  equal  to  or 

exceed  6.0. 

T^^  -  Mean  shear  atraaa  of  extxanaly  abort  ooliama  at  thaix  strength.    It  aay  ba 

aaaanad  aa  aqpal  to  IS  hg/ca^ 
Jti^l^  "  SuBi  of  tha  borlaontal  aeetional  araa  of  «alla«  with  aurxoundliig  oolona  at  both 

anda»  wtaloh  are  affaetlva  In  tha  diraetlon  unter  Invaetlon  at  tha  floor  (cm^) 
-  Son  of  tha  horlaoiktal  aaetlonal  area  of  walla  with  aorroonding  colwi  «t  ona 

andf  which  Kcm  affactlva  In  tha  Alraotlon  undar  Imipactloo  at  tha  floor  (es^) 

A  ^  ■  Sm  of  the  horizontal  sectional  area  of  walls  without  surxonnding  colvanst  whitib 

2 

are  effective  in  the  direction  under  inspection  at  the  floor  (cm  ) 

A_    =  Sum  of  the  horizontal  sectional  area  of  colxanns  at  the  floor  in  which  the 

*  2 

sectional  art  a  or  colusnns  included  in  A  ,  and  A  _  shall  not  be  considered  (cm  ) 

wi  w2  2 

A     -  The  sum  of  horizontal  sectional  area  of  extronely  short  columns  at  the  floor  (an  } 

2 

A^   ■  total  floor  area  above  Vbm  floor  under  inapeetlon  (cm  ) 

w    •  [fbtal  weight  (Ineladlng  dead  and  live  load)  «bo«a  Om  floor  under  Inapection]/ 
^f 


4.2   Saoand  Ivaluatlon  Mathad 

1)     lha  atrangth  ladaXf  c  foar  tha  aaeand  evaluation  aatiiod  la  obtained  ficoai  tha 
iiltlanta  atrangth  of  the  vnrtloal  atruotoral  aaafaara  baaed  on  the  aaamvtlon  of  tha 
inflnltlwaly  atlf f  hnriaontal  diaphr«a. 

3)  Tha  fleanral  atrangth  of  aaotlon  of  tha  MOibwa,  my  be  oalculated  Croai  -Uie 
following  aq^tiona. 

a)    The  flaacoral  atrangth  of  aaotlon  of  rectangular  oolvans*  nay  ba  obtained 

from  Eq.  9 
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Mr  MMOt.  >p0.4  bor 


-  {0.8     •     •  D  +  o.i2b  .     .  r^U,^i,^J 

For  0.4  bDP^>p>0 


■  (0.8       •  Oy  •  D  ♦  O.SK  •  D  (1  -  )} 

G 


-  0.8  «^  •       •  D  ♦  0.411  •  D 


(8) 


b 

D 


Ultimate  strength  of  mlv.mns  under  axial  cou^jression  =  b-D-F^  +  ^g'^^y  0f9) 
Jitimate  strength  of  columns  under  axial  tension  ■  ~*g*'^y 

Axial  load  of  column  (kg) 

2 

Area  o£  tension  reinforcement  of  colunoi  (cm  ) 


b) 


IBM  of  longltudlMl  relnfoEOSMOt  of  ooImd  (om  ) 
Width  of  oolum  <ai} 
OapOi  of  eoIiMB  (en) 

2 

Yield  strangtii  of  xelnforciant  {tag/cm  ) 

2 

CenpcvMiv*  •trangtb  of  ponoMto  (kg/cB  ) 

Am  oLtiaato  f  laxural  atrwigtti  of  Motion  of  a  oolwn  witb  wing  malla  at  both 
Nqr  be  obtained  from  Bg.  10 


(10) 


Par  ■<(0.5  a   (0.8  ♦  $)  -  ia».)  b'D'F 
"        e  t  c 

-  (0.9  +  W  •        •  Oy  •  O  ♦  0.5WD  U  ♦  2&  -  ^    ^^^^.y    (1  -  Aph^) 
For  N>{0.5  a    (0.9  +  6)  -  1^.}  b*D'F_,  M   nay  be  calculated  also  by  Eq.  10  supposing 

9  C  O  tt 

Iftat  ■  •  (0.5  a    (0.8  >  0)  -  ISfiJ  h'U'9 


-  A/1  . 

e  w  b 


h    ««  total  sectional  area 

1^  ■  total  horizontal  length  zaeeisured  out-to-out  of  wing  wall 
6    >  (Length  of  coopreasion  Bone)/D 

aotations  are  the  shm  as  In  Bg.  8. 


c)  Dltijnate  f  lexural  strengtti  of  walle  wltii 
be  oalovlated  hy  fig.  11 


eelwR*  «t  both 
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•S»  -  S  •        •  ^  *  0.5         •  O^)  •        +  0.5N  .  1^ 


(11) 


wh«re« 


*  ATM  of  longitudinal  rotnfore«Mnt  of  tenalon  alda  oolvam 

2 

o    ■  yiald  atcang^  of  longitiidiBal  saiafoneanant  of  tanainn  alda  of  aol«an  (cm  ) 

y  2 

a^  ■  Araa  of  vartieal  gaiaforea— nt  of  wall  (oa  > 

2 

9^  ■  YlaU  atrangth  of  wtlcal  rainforcaaant  of  wall  (kg/cn  ) 
b    '  Width  of  oonpxaaaion  alda  coltmn  (cai) 


ly  «  Langth  of  mil,  aaaaurad  oanfear  to  oaatar  of  eolnu. 

3)      The  ultimate  shear  strength  of  section  of  members  may  be  determined  by  the 
following  equations 

a)     utlimate  shear  strength  of  section  of  rectangular  columns  may  be  obtained 
by  Eq.  12. 

0.053p/**^^{180+F  > 

Q-.  •  i  a  ^  »       °    *  2,7  i4  •  ff     ♦  O.IO  }  idud  (12) 

"att  M/Q"d  +  0.12  •»  a  ay  o  ^ 


"  Tensile  r emf orceiaent  rario  (%) 

-  Shear  reinforcement  ratio.    Nben       exceeds  0.012,  p^  should  be  taken  as 
equal  to  0.012. 

2 

Jt    "  yiald  atrangth  of  diaar  gainforcwwnt  (kg/en  ) 
a  "T  2  2 

o.  -  Axial  Btraaa  of  oolian  (kg/oa  ) .  Mhaa  a  aaoaad  80  kg/ea  ,  a  ^«ld  ba 
o  2  o  ^ 

takan  aa  aqgal  to  80  kg/ea 


d      -  If  f  aetiva  daptk  of  oolvm»  -  (0-S)  cm 

n/Q  -  May  ha  takan  aa  avial  to  h^2,  idiara,      la  olaar  haight  of  ooli 

b)     The  ultimate  shear  atrangth  of  aection  of  a  oolumn  with  wing  walls  may  ba 
calculated  by  Eq.  13. 

_    1  t(l  -D) 

2au  ■  <i^>  ^  *        ^^w  ■  °wy  *  **s  ^ay     b-D    ^  i>-I>H>.lll  (13) 


■  Shoar  ralnfbroamnt  ratio  of  oolwn 

O^  «  Yiald  atzangtii  of  rihaar  reinforoeaant  of  eoliam  (kg/«'} 

p     "  £atairal  rainforcemAnt  ratio  of  wing  wall,  -  a^t'a 
a  2 
m,^  ■  Sectional  area  of  a  pair  of  lateral  rainforcaaant  of  wing  wall  (oa  ) 
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9  ■  QpBciiig  of  lateral  ralaforoMHita  (cb) 
t      Dipth  of  wlag  nail 
•  Yield  atrngth  of  latacal  relafoffOOTont  of  wing  nail  (kg/cM^) 

N     -  Axial  force  of  column  (kg) 
■  Claar  d«{pt)»  o£  oolvm  im) 

c)      The  ultimate  shear  strength  of  section  walls  with  surrounding  columns  at  both 
ends  nay  b«  obtained  by  Eq.  14. 

0.053P  °*^^(180+r  ) 
Q.U  ■  ^  V(Q'l)  ^  0.12  ■     ^        -^wTZy  *  »'l«^o>  «  «"> 


ba     ■■  Equivalent  depth  of  wall,  -  A/1  (cm) 

2 

A      ■  Sun  of  sectional  area  of  wall  and  coluna  («■  ) 
1       >  End-to-end  distance  between  ooloens 

p        -  100  X  a  /(hfl)  (%) 

2 

a.      ■■  Total  sectxonal  areas  o£  axial  reuiforcenent  of  tension  side  column  (cn  ) 


t 


llhara»      *  Saetlsnal  aveaa  of  lataral  talafbceaMiit  of  wall  (oa  > 
S  -  aypaeiag  of  lataral  raiafteeeaeiita  (oi) 


2 

■  Tiald  atrtt^rtJi  of  absva  relnfnrnaMenfr  tkq/m  > 
•  Zlt/<l)a-l)  Oas/cmh 


Where  En  represents  the  total  axial  fecoa  auBtained      wall  and  eelvaaa 
j      ■  May  ba  taken  aa  1^  oc  0.8  x  1 

In  the  case  of  walls  with  opening,  the  ultimate  strenqth  of  section  may  be  obtained  by 
multiplying  the  following  reduction  factors,  to  the  strength  obtained  by  £q.  14. 

T  -  1  -  (BgnivOaat  opaaiaf  paricliaral  ratio)  (IS) 


dViivalant  opening  pariffliaral  ratio)  -  of  opening 

b  -  acovy  baigbt  * 

4)      Determination  of  the  failure  tTKchaniam  and  lateral  strength  of  each  member. 

a)      In  the  case  of  coiumna,  lateral  strength  can  be  taken  as  the  smaller  one  out 
of  tha  ibear  force,  ^g^^  at  tba  flamral  atrangth  of  aaetion  ebtaiaad  by  eq.  16  and  tba 


tatiMta  tfhaar  feeoe        obtalaad  bgr  m^*  12  and  13. 
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Determination  of  the  failure  mechanism  and  the  lateral  strength  of  a  column  at 
the  mechanism  can  be  performed  as  follows. 


MMn  Q„  <  &  ,  ttw  wmabvr  Is  daflMd  «■  fl«iiar«l  oelv«n»  and  tb*  l*tar«l 
strenfftli  of  tlM  oolwut,  „Q   may  be  token  as  JL.  . 


Wban         ^  c^su'        wiiber  is  defined  as  sbear  oolwuf  end  the  lateral  etramglii 
of  the  oolvm*  ^fl^  my  be  taken  as  ^Q^^* 

o 

M      ■  Ultimate  flexural  strength  of  section  at  the  top  of  the  column 
c  uu 

'  Ultimate  flexural  strength  of  section  at  the  bottom  of  the  column 
h^     •  Clear  bel^t  of  colmn 

b)  In  case  of  mils*  the  «heac  force  at  the  ultimte  fle»val  atrength  of  sec- 
tion of  a  mnberr  ^^S^  my  be  obtained  by  Bq.  17.  Thm  the  failure  mdhanim  and  tbe 
lateral  load  carrying  capacity  at  the  mdwiniBw  my  be  determined  as  follomt 

^"^"^  H^Viu  w^su  ~  member  is  defiend  as  flaxacal  mil,  and  the  lateral  stxenga 
et  the  mcbanienr        my  be  taken  as  ^fi^* 

When  ^Qj^^j  ^  ■••^-u  '        fnember  is  defined  as  Shear  wall,  and  the  lateral  strength 

at  the  mechanxsm,    Q    may  be  taJcen  as    Q  . 

w  tt     ^  w  su 

M     -  Ultimate  flexural  strength  of  wall  at  the  floor  under  consideration 

h       =  Total  height  of  the  wall  tneasur«d  from  the  floor  under  consideration 
w 

0       -2  (When  the  top  portion  of  vertically  continuous  wall  is  under 
consideration,  d  may  be  taken  as  equal  to  1.0.) 

4.3   Third  Evaluatioa  Method 

ibe  lateral  load  carrying  capacity  of  eaoh  vertical  stroetural  elemnts  my  be  obtain- 
ed,      based  on  the  fbllowing  three  failure  meihanlsm  in  addition  to  the  meSianlms 
considered  In  tbe  2nd  evaluation  oethodf  a)  faaaii  yield  l^pe  oolmns,  b)  bem  diear  t^fpe 

columns  and  c)  overturning  type  walls. 

2)      Flexural  and  shear  strength  of  beam  sections 

The  flexural  and  shear  strength  of  beam  sections  may  be  computed  by  Eq.  10  and  Eq.  11, 
resp^tively,  substituting  N  -  0>or       °  0  into  these  equations.    Here,  the  effect  of  the 
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valn£eraiaaii.ts  in  alabs*  wiy  b*  oonsidared  for  the  oonputatlon  of  tte  flexoral  strength  of 
beane.  fior  tiie  cavutatioii  of  tfas  flesvr«l  atrangth  of  baa*  aootlona  ttw  followlag  slivl* 
aqnatloa  la  elao  «||>llcable» 


where r 


-  Area  of  tensile  reinforcement 
Oy  =  Yield  strength  of  tensile  reinforcement 
d    ■  Effective  depth  of  a  beam  cross-section 

3)     Pataftiiatiop  of  the  letaral  louA  eerryiiw  caBeclty  of  Tartieel  i—aibera  and  the 
fallttra  aade  of  the  awilhnra. 


a)  Ooln 

Golma  are  olasaifiad  into  the  following  four  tsB9»t  flaaniral  failure  oolwai* 
failure  oolvon*  bean  yield  tjfpe  ooluan  and  baat  ahear  type  oolwn.   Beaed  on  the 

ultlnate  strength  of  colunns  and  beams,  the  ■■xlmKBi  end  ■□■Mats  of  all  members  at  all 

nodal  points  are  determined.    Comparing  the  sum  of  the  end  moments  of  beams  with  that 
of  colunns  at  each  nodal  point,  the  ultimate  moment  distribution  of  columns  is 
determined  by  the  nodal  limit  analysis.    Considering  the  above  moment  distribution, 
the  ultimate  strength  of  the  column,  may  be  computed  t/jf  Eq.  19. 


gQl^  -  (Sob  of  ultJaate  MP—nt  eapael^  at  tap  and  battm  anda  of  colon)/ (Clear 
hoioht  of  ooliaai)  (19) 


b)  Walls 

Walls  are  idealized  by  cutting  off  from  the  other  framing  members  at  th*»  mid-span 
of  connecting  beams.    The  lateral  load  carrying  capacity  of  the  idealized  wails  may  be 
taken  aa  the  leeat  of  tb»  three  foUowing  lateral  loada  detexvlned  under  Inveree 
triangular  diatributioB  of  lateral  loadai  reaultant  lateral  loada  acting  above  the 
floor  under  infection  (at  uhlch  the  walla  readt  tiielr  flexural  yield  atrengtii) ,  ahear 
atrangth  or  overturning  e^paol^.   The  failure  mode  of  ualla  eecztt^penda  to  tiM  aach- 
aalan  on  Uhidi  the  detendnatlon  of  their  lat«ral  load  oarrylag  oapaolty  la  baaed. 

5.     DETERHIKATIOM  OF  SUB- INDEX  Of  DUCTIUTy  F 

5.1  QMUIBal 

The  sub-index  of  ductility  of  meinbers  except  flexural  columns  and  flexural  walla  la 
fixed  to  the  constant  values  shown  in  Article  1}  of  3.4.  F-lndax  Of  flaxural  OOluana  and 

flexural  walls  may  be  detennined  eis  follows. 

5.2  Determination  of  F-index  o£  Flexural  Columns  and  Flexural  Halls. 

a)     P-indeit  of  flaxural  columns  may  be  obtained  by  equation  20,  baaed  on  tiia 
duotlli^  factor  of  the  ooltane  detamiaed  by  Hq.  22  la  5.3. 
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'  ■  0.75  0.5  W) 

b)      F-index  of  flexural  walls  is  obtained  by  Eq.  21  using  their  shear  strengths 
^aa       fl«wir«l  strength, 

W   £U   W   U  {21) 

When   Q    /  Q    >  1.4  -  P  -  2.0 

W  SU  W  U  _ 

W  SU 


whan  1.3  <    Q    /  Q    <  1.4  -  F  -  -12.0  +  10  x 


5.3   Detemlnatioa  of  Ductility  P»etQr   y  of  Flexural  C3oluiins* 

Daetillty  factor  fi  of  flerairal  ooliana  mttg  ba  ooogputad  ly  IS*  22.  HOMavar,  7  tfionU 
be  1.0  provided  that  any  one  of  the  eonditlns  deaeribad  In  Iq.  23  are 


U  -      -  kj  -  kj  (22) 
hare  1  <  V  <  5 

Q 

Where,  u   -  10  l^r^  -  1) 
c  u 

■  2.0  (k^  may  be  zero  provided  that  shear  reinforcement  spacing  is  less  than 
eight  tiaee  the  dianeter  of  longltndiJAal  xainfioroeaBiit.) 

-  30  iy^  -  0.1)  >  0 

Q    •  Shear  strength  of  oolvam 
c  au 

■  Lateral  strangth  of  eeliam 

T      -    Q  /b- j 

C  U  C  U 

b         =  Width  of  colunn 

j       ■  Distance  between  conprcssive  resultant  forces  and  tensile  resultant  forces. 
*  Compressive  strength  of  concrete 
Cradltions  in  idkloh  P  tfhcmld  be  l.Oi 

Hs/boF   >  0.4,  (N  oortesponds  to  aidal  forces  of  oolusns  at  their  failure  aechaniflK) 

C  B 

T  /F     >  0.2 

"    ^  (23) 

p^  >  1%,  where         is  tensxle  reinforcement  ratio. 

h_/D  <  2.0,  where  h.  is  clear  height  of  columns, 
o    ~  o 
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6.  siiaMic  8in*2MDa(  or  anaiCTroM.  VBoriiB, 

6.1  Gaaanl 

ihlB  ladait  bMOMM  «f f Mtlve  only  in  ooobliiation  vaagm  \iMt  S^^lndax  fbr  evaliiatiiig 
tlM  affect  of  th*  atraotural  prof  11*  and  th*  dlatrilmtion  of  mus  or  stlf fnua  foe  tho 
mmimUt  aafoty  of  tonildlaga.   IHwogh  only  ona  valoa  of  Sj^-indax  wy  ba  datanlnaA  for  a 

building  in  the  1st  screening.  S^-lndeit  ahonld  ba  datecodnad  tot  aadh  floor  and  aaob 

direction  in  2nd  screening* 

6.2  Judgment  I tons 

a)  For  the  let  screening  the  following  items  may  be  examined. 

Items  concerning  plan  profilei  i)  irregulaxlity  of  plan,  ii)  lengtb'-width  ratio 
In  plan,  iil)  elaaraaoa  of  aivanalon  ^inta.  Iv)  preaanoa  of  opan  ball  and  ▼)  othar 
^pacial  pBof  Uaa  in  plan. 

Itaaa  oonoamlng  alavation  profilai  vi)  praaanca  of  undargroond  atcnrleat  vll)  »!• 
foxvlty  of  atory  taal^tt  vili)  praaanoa  of  pilaat  and  ix)  otbar  ap«ei«)-  prof ilaa  in 
aaotioD. 

b)  In  tba  aaoond  scraaning  cha  CoUowlng  Itaaa  aay  ba  naalnad  in  addition  to 
tiia  itsaa  considered  in  the  1st  screening. 

i)    Eccentricity  of  the  center  of  gravity  and  the  center  of  rigidity  in  plan* 
ii>    Weight-stiffness  ratio  at  a  story  to  that  at  the  story  directly  ahove. 

6.3  Determination  of  S^- index 

Aa  inflnatiea  factor,      iriileh  rapeaaanta  tlia  dagzaa  of  iafluanea  of  aaob  judgment  itaa 
■ly  ba  ooBipatad  uaing  tba  grading  faetorf  6^,  «taicb  variaa  1*0  to  0*8  in  aooordanea  vltb 
tba  aitnatlona  of  aach  Itan  and  tba  adjaating  factor  for  tba  ranga  of  tba  inflnanea  of  aaeb 
itanr         flienf  tba  Sg^-index  ia  obtained  by  tba  autual  nultiplication  of  Cj^  aa  aboan  in 
Hq.  24. 

■  C,  X  C.  X  .  .  *  It 

D      i      2  a 

(24) 

Cj^  -  1  -  (1  -  GjJ  X 

7.    SEISMIC  SUB-IilDBX  OP  TDB  DBPBMtED  DBSBBIORMIOH 

7*1  OMiaral 

This  index  aina  to  evaluate  the  effect  of  the  structural  defects,  such  as  cracks, 

excessive  deflections, superannuations,  and  so  on  for  the  seismic  safety  of  the  buildings. 
Only  single  value  for  a  building  is  detenoined  in  both  the  1st  and  2nd  evaluation  methoda* 
respectively . 

7.2   First  Evaluation  Method 

^ladex  for  the  let  evaluation  nathod  nay  ba  taken  aa  tba  aint—  value  of  xadaetlen 
faetora  dataaiaad  by  cbaeklng  tbe  pxepaxad  gaeetionnatra  in  aooordanea  wltti  the  degree 
of  the  atxvctuxal  dafacta  as  oraoks,  daflaotlona»aai>araMnoatlcna»  and  so  on  obaarvad  in 
atnetural  aaabara. 
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7.3   8«oond  evaluation  Matlwd 

V'iitamn  tor  tiM  3ad  avaluatlen  Mtliod  aay  ba  ealculatad  by  Eq*  25,  nhaxa  p^^^  aad  la 


Bf.  25  ara  tba  aw  of  tlia  dtMrlt  pelnta  concerning  about  atruetaral  eracka  and  daflaetloiir 
and  datarloration  and  anparaaniiatiaBa,  ragpaetivaly.   vhaaa  dMMrit  polnta  ara  obtalnad  by 
cbacking  tba  pcaparad  quaatlonaaira  at  each  atocy  and  ^faotor  la  takan  aa  tha  avaraga  of 
dataninad  at  1-atoiy. 


(Tj  +  Tj  +  .  .  .  +  T^)/ll 


-  (1  -  P,^)  (1  -  P^) 


(2S) 


vbare. 


=  T-index  ot  i-story 
N      ~  Kunber  o£  stories  exaaiined 

-  The  sun  of  the  danerit  points  at  i-stoxy  concerning  about  stxructural  cxadta 
and  daflaottona. 
Tha  ana  of  tha 
augparannuatlon 


-  Tha  ana  of  tha  d«Mrlt  poiata  at  i-atecy  eenoaralng  about  detarloratlon 


In  the  third  evaluation  Mthod*  tha  aana  valne  of  T^lndax  aa  tha  valua  datandaad  in 
tha  aacond  avaluatlmi  vathod  nay  ba  uaad. 

S.    8BI8IIXC  XNDBK  OT  HOH-STHDCIimKL  BSMBNTS,  I^^ 

0*1  General 

This  index  aims  to  evaluate  the  danqerousness  In  earthquakes  caused  by  the  collapaa 
or  the  fall  of  non-structural  elements  such  as  the  finish  of  exterior  walls.     For  this 
index,  screening  methods  from  1st  to  3rd  are  also  applied.    Zj^-index  is  determined  for 
every  wall  surface  in  every  story. 
8*2  Outllna  of  flatanatnatign  of  i^j-lndax 


Zha  cooatitation  of  tba  ai^indaaMa  uaad  for  dotacalaatien  of  X^isnBm  la  abOMH  en 
the  following  page, 

Tha  valuaa  of  aub-lDdaiiaa,  g^«  g^,       g^,  a  and  e  ara  given  In  tAlaa. 
f  and  t  are  fivaa  as  matrix  of  g^  and  g^  aad  of  g^  and  9^,  raiiwetlvaly.   Vha  othar 
aob' indexes  are  calculated  by  given  equations. 

Ttaua  tba  Z„-indax  nay  ba  conputad  by  Bq^.  26. 

"  .   w 

r  \              o«  5n .  /  — ^ 

£B«lf.H.L              {f+a-f)-t}  •  {0.5  •  (Ee-Ol.^ 

  ^26) 
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Selaaie  iadax 
of  noiMtTuetttiml 

•l«MlltSf  I]f 


Sub-index  of  structurai 

typ»  (B) 


f  Sub  index  of 
flaxiUlity  (f) 


Grade  of  flexibility 
of  structurea  (gg) 


Gr«d»  of  flosibillty 

of  non-structural 
^  elements  (gj^) 


-  Sub>indez  of  the  actual  condition  (t) 

Grade  cf  the  trouble  hystcry  of 
non-structural  eleaents  (gg) 

Omde  of  yenr«  pM««d  (gy) 


Sub-index  of  wtll 

surface  area  (w) 

(Length  of  vail;  Li,  hei«^t  of  «&11;  hi 
standard  story  height;  hs) 


Sub-index  of  degree 
^   of  lafluMiae  (h) 


{ 


Sttb-iades  of  •nvlrossents  (e) 
Sub-index  of  tlie  arrest  of  falls  (e) 


9.     SEVERAL  FEATURES  OF  CRITERION 

9.1   JMoption  of  SaiBio  Indas  of  MOB-atructnral  llaMiits 

tbm  — iMrifr  saf a^  of  buiUiaga  abouU  ba  naninsd  not  only  f xo«  a  vlsivolnt  of  tlia 
aafaty  of  atruotural  elements  from  collapse,  but  also  from  the  vieupoint  of  the  safety 

of  non-structursil  elements  such  as  finishing  materials  of  exterior  walls  directly  facing 
to  streets  tram  their  fall.     Because  the  reinforced  concrete  buildings  in  Japan  have 
relatively  large  lateral  strengths,  the  structures  themselves  seldom  fall  instantaneously 
even  under  the  strong  earthquake  motions.    Actually,  the  eiQerience  of  past  earthquake 
damages  Indieataa  tiiat  noat  bniUlaga  aaxvtvad'  fnn  oataatBopiilo  testruetioas.   Bvhi  In 
tha  oasss  of  buiUlngs  vhicdi  vera  unfoctunataly  dastzoyad  and  fall*  the  Mstdsmfes  of  tha 
balldinga  bad  enougbt  tiM  to  aaoape  fcoa  tha  bnildiaoa. 

l!lie«efan»  it  bapnaae  ivestant  to  protoot  paavla  txam  injury  due  to  tha  fall  <tf  tha 
aon-stcuBtnral  olMwats  audh  as  finishing  natarlala  of  eattaelor  walla. 

Ihoogh  thsca  is  not  sufficient  experimental  and  eopirical  infocMtlon  concerning  tha 
performance  of  non-structural  elements  under  earthquake  loads,  the  safety  evaluation  of 
non- structural  elements  by  I.-index  is  attempted  in  this  criterion  taking  into  account  tha 
relative  flexibility  of  structure  itself  and  non-atxuctual  elements. 
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9.2  Moptleo  of  Sctwuilag  Mstliod 

the  stnietaraJ.  Mfaty  «valaAtiAn  cottalterad  la  thla  orltttrion  aonsists  of  a  ■egpuMica  of 
atit(fia  fxam  Imt  to  Jxd  ownlaatioo.   This  peooadoro  Is  stipMtod  In  •uooMslv*  cyelM,  tha 
assumptions  sad  details  of  the  calculations  being  refined  In  eacftt  sucoessivo  qrele  idisn  nee- 

essary  for  a  reliable  estimate  of  structural  performance.    The  repetitive  procedure  is  called 

"Screening,"  and  is  believed  to  be  the  fastest  and  the  most  practical  method  for  reasonably 
evaluating  the  structural  adequacy  of  a  large  nundber  of  buildings  subjected  to  strong  earth- 
quake motions. 

9.3  Evaluation  and  Judgment  o£  Seisaiic  Safety 

Vhs  svslnatloB  of  the  ssinie  safety  in  a  taBoad  sense  is  takm  more  pceolselr  in  the 
CDlloNlng  asnssst 

1)  Evaluation  of  seiaado  safety*  to  sivmss  tiie  seisado  safety  of  stractares  Mith  eon- 
tinnous  qoanti^  such  as  seisnio  index  proiposed  in  this  cxiterion. 

2)  Jod^iant  of  aeinie  safetyi  to  ivOigm  the  adequacy  of  hniildiags  for  seisnie  safety 

taking  into  aooouBt  various  conditions  such  as  their  use,  their  tnportanoe  and  their  age# 
baw*fl  on  the  seismic  index  obtained  by  the  evaluation  seismic  safety. 

This  criterion  aims  to  evaluate  the  seisinic  safety  aa  defined  above  and  the  judgnent 

is  left  to  the  engineers  who  use  this  criterion. 

The  results  by  this  criterion  applied  on  damaged  and  un-damaged  buildings  in  the 
Tokachloki  earthquake  of  1968  are  sumnarized  in  the  appendix  of  this  crltcurlon.  These 
reralts  will  be  helpful  in  perfiomlng  the  judgnent  of  tiie  seisMie  safety* 

9.4  Adaption  of  Selsaic  Sub-indaaiesy  Sj^t  T  and  6  to  Selaade  XndaSf  1^ 

Seianie  siib-indeieas,  8^  and  T  uhich  rapresent  the  quality      atruetural  deaign  and  tiaa 
dapuded  detarloratioDf  xaapaetiv«ly«  are  taken  into  aooount  in  tliis  eritairiOA  as  the  Suib- 
indexes  of  aynthaaia  index  rapreaenting  aeisnie  aafev*  Ig*  in  addition  to  the  aaianie  suib> 
index  of  basic  struotural  perfomanee      idiidi  ia  related  to  the  lateral  load  carrying  ca- 
pacity and  the  deformation  capacity  of  structures.    In  this  criterion,  the  qu£mtltatlve  eval- 
uation of  such  sub-indexes  are  attenpted  using  a  check  list  system.    Moreover,  the  sesimic 
sub-index  representing  the  intensity  of  input  ground  motions  to  the  base  of  a  building,  which 
depends  on  the  seismicity  of  its  location  and  on  the  relationship  between  its  dynamic  char- 
acteristics and  the  type  of  soli,  is  defined  aa  6  in  thia  criterlm.    the  atandard  value  of 
tJiia  aul^index  la  taken  as  equal  to  1.0  and  deexaaaing  value  with  increase  of  the  eartii- 
quake  danger  in  tiie  location  is  assuaad.   WamKvme,  G-index  ia  fixed  to  1.0  in  this  eritarian 
haeaaae  of  the  difficult  of  the  evaluation  of  the  earthquake  danger  at  pveaent. 

9.5  Gonslderation  of  Seisaic  6idb-index  of  Duetility,  r  to  seianle  Suib-index  of  Baaic 

Structural  PerfbraMnoe#  B.. 

o 

In  the  baaie  sub- index  representing  the  earthquake  resistant  ability  of  structures*  S  . 

o 

not  only  strength  but  also  deformation  capacity  are  considered  as  followa. 

1)     Critical  conditions  defined  by  the  failure  of  brittle  nvembers. 

The  lateral  load  carrying  capacity  of  a  building  depends  on  the  failure  of  brittle 
structural  members,  provided  that the  building  consists  of  structural  members  with  various 
defteaaticn  capacity,  and,  thereforet  is  not  always  ills  wnm  of  ths  ultinste  lateral  strsngth 
of  every  structural  neaber.    In  general,  orltioal  diaplaoeaenta  at  the  ultinate  strength 
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of  telttla  fltruetural  maabtxM  ax*  nail  Imomim  of  tlioir  blgh  atifteaM*  and  tfaan  tha 
duetlla  HMbaxa  lAloh  bava  ralatlvaly  low  atlf fkiaaa  aigbt  not  raacb  thalr  ultinata  atxotkgth 

at  tha  erltleal  di^laceoients. 

Moreover,  the  brittle  members  show  signlf leant  radnetlOB  of  load  oarxyiag  eapaol^ 
after  they  reach  their  ultimate  strength. 

"niereforei  the  failure  of  brittle  structural  laeinbers  becomes  one  of  critical  conditions 
for  evaluating  the  seismic  performance  of  buildings.     In  this  criterion,  such  critical 
conditions  are  eiq^essed  in  Eqs.  2,  3  and  5.    In  these  equations,  a  means  one  of  the 
radnotion  f aetora  of  tha  atmgth  for  duetlla  Minhiira  conaldarlng  tha  eoipatlblllty  of  tha 
diaplaoenant  at  the  falloro  of  hrlttlo  mBbara.   Iha  valua  of  o  vhl^  la  taken  aa  0.5  to 
0.7  in  thaaa  aqjuationa  la  dataainad  aaplrleaUyt  haaad  on  aany  tiaat  xaaulta  on  tha  yield 

On  tha  otliac  hand,  the  failura  of  brittle  Mafbaxa  cauaaa  often  tha  local  collapae 

of  httildings  because  they  become  ineffective  in  suataining  vertloal  loads.    Therefore,  In 
this  criterion,  the  failure  of  brittle  mcmebrs  is  considered  to  be  one  of  the  critical 
conditions  on  the  safety  of  buildings  even  if  the  lateral  load  carrying  capacity  of  the 
buildings  as  a  whole  is  not  affected  by  it.    Such  a  critical  condition  is  considered  in 
Eq.  3  or  5. 

2)  .  Grltioal  oendltion  of  buildinga  oonaiatad  of  the  atmetiml  wAeca  idiioh  have 
vmriouB  defonuitloa  oaped^. 

It  is  not  alwaya  eaqr  to  evaluate  tiie  aalaBdo  safety  of  the  bttiUlngs  consisted  of 
the  Btruetnxal  awnbere  uhleh  have  various  defornation  oagpecitlea.    In  the  ease  of  a  building 
consiatad  of  atruetural  isanihara  «hich  have  nearly  tha  mmm  dafomatiaii  capaeltiea,  it  la 
possible  to  evaluate  its  earthquake  resistance,  based  on  tiie  asaiavtlon  of  ttw  equal  energy 
concept  proposed  by  Blumo,  et  al . ,  which  implies  that  the  potential  energy  stored  by  the 
elastic  system  at  maximujn  deflection  is  the  scune  as  that  stored  by  the  elasto-plastic 
system  at  maximum  deflection.     In  the  case  of  a  buildinq  consisted  of,   for  example,  some 
brittle  shear  walls  and  ductile  columns,  its  seismic  resistance  abilitiy  changes  with  change 
of  the  ratio  of  the  load  carrying  capacity  of  walls  to  that  of  oolWBis  or  dbaaga  of 
dafomatlao  oapaeity  of  franing  maAMTs.   For  evaluating  tba  seisaie  safety  of  audi  type 
of  strueturea,  Bq.  4  is  proposed,  baaed  em  many  non^linaax  dynaaie  analyses  of  cosbinad 
structures  of  brittle  shsar  walla  and  dnetlle  f  ranaa  raapondlng  to  ground  notione  reoorded 
during  severe  earthg^iafcea* 

3)  Relation  between  required  dnetility  factor  of  DDii-linaar  ayataai  and  aeisnio 
sub-index,  F. 

Non-linear  dynamic  analyses  of  structures  responding  to  earthquake  motions  have  shOWn 
that  the  required  ductility  factor  of  the  elasto-plastic  systems  whose  yield  shear  factor 
is  Cy  may  be  estimated  from  the  elastic  ^ectral  response  acceleration,  C^.    Blume,  et  al., 
fiar  eataaple,  have  ahown  that  tha  regulx<nd  dnetility  factor  of  reinfinoBd  concrete  atruoturss 
ie  given  by  the  following  equation 
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<yCy  -  ''Sir- 1 

where, 

C    =  Yield  shear  factor  of  elasto-plastic  system. 

C    m  Sppctral  response  acceleration  of  elastic  systejn. 
E 

)i    >  Required  ductility  factor  of  elasto-plastic  system. 

ihls  aquation  la  baaad  on  tha  a«cral  anacgy  oonovt  «•  wantionad  in  Jkctioia  2) .  cam- 
paring  tha  atova  aqvatlfln  with  tha  tMults  obtalnad  ttm  ilfamiLe  aaalyaaa  on  alagla  dagraa 
of  fraadoM  mgwbnm  vith  alaatorplastie  and  dsgxading  atlf fiwaa  load-deflaetiMi  Mlatlonahlpt 
It  la  avldant  that  tha  ataoiva  aqoatlon  wmf  ha  «a  vfgmr  homd. 

Wot  dataniniiig  tha  aalanLe  aUb-lndax,  P,  glvan  In  I4.  20,  tha  aaaa  vproaoh  as 
Mntioned  above  has  been  a^^lladt  haaafl  on  the  non-linear  dynamic  analyses  responding  to  tbm 
ground  motions  r«oor<3ed  during  severe  earthquakes  carried  out  on  the  single  degree  of 
freedom  oscillator  having  degrading  tri-linear  load-deflection  relationship  which  aeeoied  to 
be  a  typical  load-deflection  relationship  of  reinforced  concrete  structures. 

The  reciprocal  of  the  seismic  sub-index,  1/F,  in  this  criterion  is  one  of  the  upper 
hound  tax  tha  ratio  of  tha  yiald  Aaar  factor  of  dagradiag  tri-Iiaaar  aystaa  to  tha  alastle 
4paetral  xaaponaa  aocalarntlon. 

4)     Dotandning  tha  roqqirad  dnetlllty  faetoe  of  struotaral  MBbaro  of  aultistoxy 
fraaaa  team  tha  raspooM  dnetlllty  fhotor  ohtalaad  tram  aonp'liiiaar  dynanle  analyaan  of  ona 
naas  ofstm* 

Vha  dttOtillty  demand  obtained  ftott  tha  aenr^linaar  djrnanie  response  analyses  on  one 
mass  system  cannot  be  claimed  to  give  an  accurate  assessment  of  the  ductility  demand  of  ttrh 
structural  member  of  the  multistory  frame    responding  to  non-linearly       s-rcna  earth- 
quakes.    In  this  criterion,  however,  it  is  si^posed  that  the  ductility  demand  of  each 
structural  member  xs  assumed  to  be  the  same  as  the  response  ductility  factor  obtained  by 
tha  non-Unaar  ^irnnlo  analarsaa  of  ona  mass  system. 

Huty  ajvadawntal  studUaa  hnvn  baan  oarrlad  out  zaeantly  on  tha  doetllity  hahavioc 
of  tha  flaomral  yiald  Qrpa  atxnetnral  aMdsHCa.   Bamavair,  thara  an  atill  n  lasfc  of 
iafbcMtion  oonoamlag  about  tha  qnantiatiim  aatinatian  of  allowbla  dnotility  ia  aeeacdanoa 
with  atructnral  dauila  of  tha  Mribara.   Iha  aquation  22  ia  prppoaad  provlaionally  for 
estimation  of  the  alloirable  diaotlllty  of  flexural  eolws  with  aaaa  caatelstiag  eOBditlona 
in  whichductile  behavior  can  not  be  eiqpected. 

In  the  cases  of  walls,  even  the  experimental  studies  on  the  ductility  behavior  hava 
not  been  performed  sufficiently.     Therefore,  the  F-xiide>:  is  directly  given  by  Eq.  24 
for  walls  for  sate-side  estin>ation  instead  of  the  estimation  of  P-index  from  the  allowable 
ductility  factor  aa  in  the  ca««  of  columns. 

9.d  ■aeoMMndatlona  for  rapair*  to  Ippeewa  the  aarthqaafca  raaiatant  oharaoteriatlos  of 
bttildinga 

Whan  iaauf f  lelant  aaiaadc  aaf o^  of  bulldlngia  ooawa  Into  qpiaatlon  aa  a  xaanlt  of  tha 
agpliention  of  thia  critaiien,  cspeegvlata  xapolra  aay  bo  raqnlzad  for  Inpeovlng  tha 
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MirtbiquilM  ffMiataa.t  ataazaiobaristlaa  oC  the  bttiUlngs.    ite  reoo— nflitloM  for  zipairs 
•M  alao  pirovidad  for  tills  ptuvaos.   YImm  raoo— nflat  Iom  daal  with  tbm  pEooodurM  of 
Mpaixs  In  afloordues  wtftli  atrngth  xtQUiSMBHitfl  or  duetilltir  raquircnanta  of  the  strae- 
toral  nenbers.    The  method  of  «iMtlaatiag  tiM  Mlmdc  safety  for  the  repaired  buildln9B, 
sane  attention  for  the  practice  of  r«p«lr«(  and  am*  daalgn  datalla  for  r^aixa  axa  alao 
providad  in  Uiesa  raoguaiendationa. 


Table  1.    Value  of  ^3  in  B^*  5 


Extremely 
abort  ooluan 

Shear  oollHB 
or  ahaar  vail 

flaxuval  coluBB 

0,5 

0.7 

VlexuMl  vail 

0,7 

1.0 

Shaar  eolian  or 
•boar  wall 

0.7 
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TRANSFERRING  THE  TECHNOLOGy  FOR  WIND- RESISTANT 
BUILDZNSS  TO  BBVBXOPIN6  COUNTRIES 

llMl  J.  Itaaf aster 
MitioQal  Boreau  of  Standarter  flatthartbuggt  Masyland 

ABSTRACT 

The  national  Borean  of  Standarda  pxoJaGt  to  develop  la(proved  design  criteria  for  loe^ 
rise  buildings  to  better  resist  high  winds  ms  recently  oospleted.   It  contained  two 
eaeeotial  parts*   The  first  included  develcping  teduwlogy  to  reduce  wind  dawage  to  build- 
ings  through  SacttntA  building  practices.   The  second  part  cantaired  aromd  aiking  sora 

these  i^roved  building  practices  actually  reached  the  individuals  who  constzuet  and  live 

in  buildings.    The  latter  has  traditionally  received  minimum  attention.    This  paper  presents 
a  method  for  getting  the  results  of  tho  NB?  wind  research  to  the  building  oomimnity  which 
includes  building  owners  and  u^fTB  who  need  it  nost.     A  3- level  approach  to  this  method  is 
described.    The  method  used  can  be  a  model  for  other  research  projects  aimed  at  technical, 
wd-tsohnicali  or  even  soal-literate  andienoes. 

KEYWORDS:    Buildings,  design  criteria,  developing  countries,  technology  transfer,  wind- 
loads 
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This  paper  discusses  efforts  in  txansferring  the  technical  results  on  the  effect  of 
wind  on  low-rise  buildings  in  developing  countries  to  the  local  building  comnunity  and  to 
hoMoiiiMn  and  low-tadwology  craftanan  i4io  oft«n  buJJd  their  diralllngs  fxon  local  Mtarials. 
Vbm  ha—cmnar  and  craftMwn  group  ganarally  4d  not  imdarataad  tha  highly  taotoloal  xosnlta 
produoaA  by  thia  fcojaetf  but  Ximr  want  «  natbod  to  kaep  thalr  bena  fxoii  ooll^paing  in  a 
atcnn*   Ona  ooaffonant  of  this  projact  attanptad  to  do  juat  that  —  to  tsanafar  piojact 
iafomation  to  tiia  gaoMtal  pablLfi*   Metoal  usa  oC  tliia  taohnology  by  ttaa  ganaral  fi«M.ie 
«m  diMiiBtrata  tha  raal  paapoff  of  tha  zaaaaxeh. 

Tha  Canter  for  Building  Technology,  of  the  U.S.  National  Bureau  of  Standards  (NBS) » 
recently  cosnpleted  this  three  and  a  half  year  study  of  the  effect  of  wind  on  low-rise 
buildings.     The  project  sponsored  by  the  Agency  for  International  Development  was  aimed  at 
improving  building  practices  —  in  high  wind-prone  developing  nations  worldwide.  Two 
previous  papers  discuss  the  technical  aspects  of  this  study  —  "High  Wind  Study  in  the 
PbiUppines,"  aad  "Niad  Loads  on  Lew-Mae  Buildings,"  publiahad  in  tha  MBS  ^aolal  Puibli- 
oatlona  470  and  477,  both  titled  wind  and  seiamic  Effects.   Vha  p«paKs  vera  praaantad  at 
tbe  Itb.  and  6th  joint  naatlngs  of  the  US/Japan  Panal  on  Nntiiral  RaaouroaOf  xoQpoetlvaly* 

Moat  of  tba  data  eoUoetioo  aetivitlM  (foll-neoln  nnd  wlnd-tunnal  aiqpnrlaanta)  vara 
oautasad  in  tJia  niilia^iniaa.   Ala  waa  tha  boat  ooontryi  Ita  envirotaent  pcovidad  a 
natural  wind  laboratoxy.   Hiara  una  •  algnif leant  technical  oootribution  by  tho  local 
Philippine  building  connunity,  represented  by  tbe  projects  local  coordinating  groxip  knoim 
as  the  Philippine  Advisory  Committee;    (high  level  officials  from  the  private  and  govern- 
ment building  organizations)   in  all  phases  of  the  study.     Also,  the  other  participating 
countries  (Jamaica,  Bangladesh)  constantly  asked  about  the  relevance  of  our  research  to 
local  codes  and  standards,  building  mater iale,  and  socio-economic  aspects  of  their  coun- 
trlaa.   Tha  project  taan  recognized  that  tba  naaaartib  zaaults  be  ooualatant  MitJi,  aanaltlva 
tOf  and  ralavaat  to  Iwproying  local  huildhng  praotloaa. 

Iha  paec^aet  dovalopad  lapawwd  daalgn  criteria  for  wind  load*  on  buUdlngai  pzavidad 
tacftmioal  natarlal  to  aawa  aa  tha  basic  tor  batter  building  praetioaai  prodoead  a  aatiMd 
to  astiaata  axtr«M  wind  apaadat  and  doomntad  aaaantlal  infoxvation  in  tha  areas  of 
daalgn  wind  apaada  and  pcaasore  coefficients,  economic  forecasting,  socio-eoonomic  and 
architectural  conceniB,  and  oonstruction  detailing  practioea.   Vhese  results  are  deserihed 
in  the  next  section. 


Three  levels  of  information  were  developed  to  reach  throe  major  audience  classes.  At 
the  first  level,  highly  technical  infonaation  is  aimed  at  technical  groups  responsible  for 
producing  similar  ccNqpleoMntary  resear^  and  far  iBplawmftng  diaaatOT  sitigetion  progros. 
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For  this  group  a  5-volume  report,  Building  to  Resist  the  Effect  of  Wind-*-,  was  produced 

which  detailed  the  research  progress  and  technical  outputs. 

The  second  level  of  infozmation  is  aimed  at  local  builders  and  hone  owners  who  hand- 

ozaft  bouMB  on  •  Uflitcd  aottl*.   Wox  tbm,  guiitellnM  inm  praducMd,  43  Rules  -  How 

2 

HDiMws  Can  Better  Hwlet  Hlali  Wind  .   Theae  43  rules  nere  designed  to  Mke  tlie  technloel 
resiiLto  nore  wiflftrslrWTtflflM  9  end  wmm^M-O  £or  tttPM  oonoemed  with  Inplenentlng  only  generel 
building  praetioee. 

the  third  level  of  iaforaetlon  le  elaed  et  tbm  generel  pnhlle.    The  Mdlw  le  e  2« 

eeler  poster  that  illustrates  through  single  and  bold  graphioSf  wind  hazards,  and  preseats 
four  methods  to  reduce  damage  and  injury  —  and  most  important  —  tells  where  to  go  for 
nora  Infomation.   As  with  the  43  gules  it  was  designed  to  be  reprinted  In  local  languages. 

Level-One  IngoCTatiom   Highly  Technical  Jtodlence 

technical  resulte  were  pobllAed  In  five  conpanion  voluowe.   Contents  of  each  voIum 
are  etmerised*    "Bstiaatlon  of  Bn trine  wind  fljpeeda  end  Ouide  to  the  Detemlaatlon  of  Wind 
VOcees,"  revisNS  pwibaMtleticr  teciwigiu—  foe  the  analysis  of  enlsting  data  and  the  eelee- 

tion  of  design  wind  speeds.    Simplified  procedures  for  the  oalculatlOH  of  vlnd  pressure 
acting  on  building  surfaces  were  developed.    These  procedures  and  associated  design 
criteria  provide  building  professionals  with  more  reliable  rie'^icn  loads.    The  data  can 
form  the  basis  for  wind  load  design  codes  and  standards  in  developinq  countries. 

"A  Guide  for  Improved  Masonry  and  Timber  Connections  in  Buildxngs,"  presents  reconmen- 
datieoa  fbr  good  eoBatruetion  pceetioee  end  detellSr  esi^ially  for  eountdss  aspMrleneing 
eattteme  wind,   the  report  ssrves  as  a  referanee  foe  inpiBOVlBt  building  pcaetlees. 

"forecasting  the  Bcononlcs  of  dousing  weedet   A  Methodologioal  Onlde,"  preeents  a 
nsthod  for  a  nation's  plsnnsrs*  eeonosilstet  poblio  officials f  and  othsr  decision  naksrs  to 
assess  housing  nssds  for  uP  to  20  yeere  into  the  ftttore. 

Information  on  the  cultural  end  socio-economic  factors  that  affect  building  practices 
was  developed  as,  "Housing  in  Extreme  Winds:     Soc io-Economlc  and  Architectural  Considera- 
tions."   The  report  discusses  how  strong,  inexpensive,  locally  available  building  materials 
can  be  integrated  with  good  building  design.    The  report  addresses  the  Philippines, 
Jamaica  and  Bangladesh. 

Jin  *Owsrvie»*  voluse  oentelniag  an  eaBaoutive  sunmKy  serves  es  an  totreduetion  snd 
baekgxeuad  to  the  teebniesl  naterial.   It  was  dsveleped  fee  the  decision  nsksr  «he  nay  net 
hews  the  tisM  to  read  the  sUbstsntiva  tsehnieal  naterial  of  the  other  four  mlmwa  yet  is 
suf ficisntly  fndliax  with  tbm  project  to  direct  his  staff  to  particular  wIims  of 
intsrest. 


The  Building  Science  Series  10",  auilding  To  Resist  The  Effect  of  Wind,  Volumes  1^ 
nay  be  purobased  fron  the  Superintendent  of  OoounentSf  U.S.  Govemnent  Printing  Office* 
HashlBgtCB,  DC  2M02. 

'flhis  report  nay  he  ordered  «s  IMXH  77-1197  under  its  title  fron  ths  MatioMa  Vscb- 
niesl  mfomstion  Ssrvice,  5289  Vert  Meyel  Aaed,  atpringfield,  Vh  22161. 
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Km  the  tacduileal  r«aalt>  wextt  being  developed  evphaeia  nee  placed  oot  1)  pcodnoiii^ 
data  that  oevld  be  daivelqpad  Into  FerfozMUioe  criteria  (eocvBea  cn  tiaer  reqiulreneDta  end 
the  attributea  neeeeaaxy  to  eatlefy  thooO  and  2)  incodneing  rcvEodnelble  models. 

Leveiyrwo  infotaatloft*   Bewj-^echnical  Audience 

A  aecond  or  Intertdlate  level      OMterial  waa  developed  for  local  housing  agenelee, 
bttilderst  and  bttHding  ovnera.    Thie  naterlal,  43  tBoUm  -  Boo  MDMaes  Can  Better  Resist 
High  Wind,  i«  m  guide  presenting  ways  to  better  deaiga  nev  end  existing  buildings.  The 
infOKnation  is  pMssated  in  a  aeDnBr  fior  translation  into  a  local  oountzy's  language* 

Ae  audience  can  be  coaeldered  tiM  alddie  level  of  tiie  housing  trade,  sudi  as  the 
local  bttHdar*  contractor,  designer,  housing  authority.    For  them,  especially  in  davalcplnig 
nations,  code  enforcement  Is  not  the  problem,  just  simple,  safe  practices  are.  This 
report  provides  suggestions  to  in^rove  building  practices.    For  example,  local  housing 
authorities  and  lending  institutions  will  learn  froin  4  3  Rules  that  housei.  vath  lengthy 
roof  overhangs  will  need  special  precautions  such  as  txe-downs  and  leaxn  that  buldings 
with  long  roof  overhangs  should  be  designed  in  a  ainner  that  penita  wind  to  peaa  throu^. 
UsOf  they  vill  find  that  roofa  should  be  designed  with  slopes  sppiroaching  30  degrees 
since  this  angle  ainlBiaea  wind  dansigee. 

Another  intended  target  of  this  pidsUeatiOD  is  the  leader  (often  mof fielal)  of  local 
political  uaita*  called  in  the  Phillppinea*  '^arrloa*  —  although  such  units  occur  on  a 
worUulde  basis.    If  this  individual  reads  the  43  Rules  he  is  in  a  good  position  to 
encourage  his  jurisdiction  to  adopt  appropriate  recommendations  to  improve  building 
practices  for  new  buildings  and  the  use  of  certain  retrofit  practices  for  use  on  existing 
buildings.    To  reach  this  rather  special  audience,  43  Rules  could  be  printed  in  local 
languages.    Likewise,  43  Rules  can  be  used  by  squatter  and  nonsquatter  settlements  and 
also  can  be  used  to  iiq^rove  public  buildings  (such  aa  adiools  and  ooomunity  centers)  and 
■uLti-fandly  dwellings. 

3 

A  1976  awardpwinning  16  an»  10  nlnnte  oolor  onvie  *  also  was  produced  hir  MBS  to 
edneate  the  audience  that  iitfownation  is  awai  labia  to  reduce  wind  dinagea  to  boildlngs  and 
lafoza  the  audienoe  about  how  the  iaforaatien  waa  devaicped* 

Level~Three  Information;    Lay  Audience 
4 

A  poster   was  produced  that  graphically  dopicts  danages  due  to  wind.    It  ia  bassd  cd 
infenation  learned  during  thia  three  and  a  half  year  reaeardh  project.   The  Idea  to 
develop  this  poster  was  baaed  on  infOKBatlon  learned  f ron  fkeqiuent  diaeuaaions  with  «Nd>ers 
of  the  varloua  participating  oountriae  and  on  feedback  froai  tao  regional  ccnferenoea  where 
draft  projoet  reeolte  were  ooaMunicated  and  dlacueeed  Cllanila#  vhillppinee  and  Kingston, 
Janaica) . 


Available  on  free  loan  from  Association  Sterling  Filna*  600  Grand  Avenue,  Ridgefield, 
HJ   07657  or  nay  be  purchased  from  the  national  Audio-Vlsiial  Centerf  General  Services 
Adainlatratlon,  Maahlngton,  DC  20409. 

4 

Copies  of  the  poster  are  available  from  the  author  at  the  National  Bureau  of  Standarda, 
Center  for  Building  Technology,  Washington,  DC  20234. 
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The  conference  audiences  were  composed  of  representatives  of  the  building  coimnunity 


(archit«ctei  engineers;  regulatory*  codes  and  standards  officials;  academia;  otanufacturers; 
builders  moA  oontractors;  govemwnt  aganclMi  and  building  umts)  .    They  believed  if 
zeeeMvcb  faiqr  xeeeaxch)  is  to  liave  e  eigaifleeiit  lapeet  on  tiie  entire  oeuntzyr  eacfti  slticen 
wamt  be  eble  to  beMfit  dlceotly  freai  It  and  be  able  to  laqpleownt  the  reseaurah  results. 

ibe  poeteiv  nee  designed  as  am  eduaatlatiAl  tool  to  illustrate  oriticai  principles  of 
i^paeoved  building  practices  and  nost  iMfortnMY  to  identify  •  local  contact  for  additional 
infoXBBtioiB.   It  is  printed  la  tmo  sisesj  the  snaller  sise  for  internal  office  use  and  the 
larger  cne  for  hanging  on  fences  or  talfl!phoae  poles. 


In  the  United  States •  Japan  and  other  developed  countries,  the  building  codes  and 
standards  systems  are  aimed  at  protecting  the  public  health,  safety,  and  general  welfare 
as  they  relate  to  the  construction  and  occupancy  of  buildings.     Results  from  this  pcoject 
wj.iL  have  an  impact  on  those  codes  and  standards  dealing  with  wind  loads.    When  building 
research  takes  place  in  developed  countries,  its  results  normally  find  their  way  into 
pxnetices  by  way  of  the  lew*    In  developing  oountriesf  this  unuelly  ie  not  the  eaae. 

The  reeeaxoh  covered  by  thie  projeot  (applicable  to  both  dsiveloped  and  develciplng 
countries)  dealt  in  part  with  apseets  that  in  developing  countries  has  little  code  enforce* 
Mot*    Thus*  for  these  users  to  l^plenent  the  researdif  thay  anst  be  mde  awere  of  the 
infocmtlon»  learn  how  to  obtain  the  data*  and  be  infoxned  how  to  Initiate  ii^iroving  their 
building  practices. 

This  phase  of  the  project  addressed  the  traditional  role  of  "technology  transfer." 
However,  it  was  aided  by  classifying  the  audience  into  three  levels  and  then  carefully 
tailoring  the  results  to  oaet  each  audience's  needs. 
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.  .  .  the  monthly 
magazine  of  the  Nation- 
al Bureau  of  Standards. 
Still  featured  are  special  ar> 
tides  of  general  interest  on 
current  topics  such  as  consum- 
er product  safety  and  building 
technology.  In  addition,  new  sec- 
tions are  designed  to  .  .  .  PROVIDE 
SCIENTISTS  with  illustrated  discussions 
of  recent  technical  developments  and 
work  in  progress  .  .  .  INFORM  INDUSTRIAL 
MANAGERS  of  technology  transfer  activities  in 
Federal  and  private  labs.  .  .  DESCRIBE  TO  MAN- 
UFACTURERS advances  in  the  field  of  voluntary  and 
mandatory  standards.  The  new  DIMENSIONS/NBS  also 
carries  complete  listings  of  upcoming  conferences  to  be 
held  at  NBS  and  reports  on  all  the  latest  NBS  publications, 
with  information  on  how  to  order.  Finally,  each  issue  carries 
a  page  of  News  Briefs,  aimed  at  keeping  scientist  and  consum- 
alike  up  to  date  on  major  developments  at  the  Nation's  physi- 
cal sciences  and  measurement  laboratory. 
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postage  is  required  for  mailing  within  the  United  States  or  its  possessions.  Domestic  remittances 
should  be  made  either  by  postal  money  order,  express  money  order,  or  check.  Foreign  remittances 
should  be  made  either  by  international  money  order,  draft  on  an  American  bank,  or  by  UNESCO 
coupons. 
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NBS  TECHNICAL  PUBLICATIONS 


PERIODICALS 

JOTJRNAT.  OF  RFSFARCH— The  Journal  of  Research 
of  ihe  National  Bureau  of  Standards  reports  NBS  research 
and  development  in  those  disciplines  of  Ihe  physical  and 
engineering  sciences  in  which  the  Bureau  is  active.  These 
include  physics,  chemistry,  engineering,  mathematics,  and 
computer  sciences.  Papers  cover  a  broad  range  of  subjects, 
with  major  emphasis  on  measurement  methodology,  and 
the  basic  technology  underlying  standardization.  Also  in- 
cluded from  time  to  lime  arc  survey  articles  on  topics  closely 
related  to  the  Bureau's  technical  and  scientific  programs.  As 
a  special  service  lo  subscribers  each  issue  contains  complete 
citatioas  to  all  recent  NBS  publications  in  NBS  and  non- 
NRS  media.  Issued  six  limes  a  year.  Annual  subscription: 
domestic  $17.00;  foreign  $21.25.  Single  copy.  $3.00  domestic. 
$3.75  foreign. 

Note:  The  Journal  was  formerly  published  in  two  sections: 
Section  A  "Physics  and  Chemistry"  and  Section  B  "Mathe- 
matical Sciences." 

DIMF.NSIONS/NBS 

This  monthly  magazine  is  published  to  inform  scientists, 
engineers,  businessmen,  industry,  teachers,  students,  and 
consumers  of  the  latest  advances  in  science  and  technology, 
with  primary  emphasis  on  the  work  at  NBS.  The  magazine 
highlights  and  reviews  such  issues  as  energy  research,  fire 
protection,  building  technology,  metric  conversion,  pollution 
abatement,  health  and  safety,  and  consumer  product  per- 
formance. In  addition,  it  reports  the  results  of  Bureau  pro- 
grams in  measurement  standards  and  techniques,  properties 
of  matter  and  materials,  engineering  standards  and  services, 
instrumentation,  and  automatic  data  processing. 
Annual  subscription:  Domestic.  St  1 .00;  Foreign  SI3.7S 

NONPERIODICALS 

Monographs — Major  contributions  lo  the  technical  liter- 
ature on  various  subjects  related  to  the  Bureau's  scientific 
and  technical  activities. 

Handbooks — Recommended  codes  of  engineering  and  indus- 
trial practice  (including  safety  codes)  developed  in  coopera- 
tion with  interested  industries,  professional  organizations, 
and  regulatory  bodies. 

Special  Publications  -Include  proceedings  of  conferences 
sponsored  by  NBS,  NBS  annual  reports,  and  other  special 
publications  appropriate  to  this  grouping  such  as  wall  charts, 
pocket  cards,  and  bibliographies. 

Applied  Mathematics  Series — Mathematical  tables,  man- 
uals, and  studies  of  special  interest  to  physicists,  engineers, 
chemists,  biologists,  mathematicians,  computer  programmers, 
and  others  engaged  in  scientific  and  technical  work. 
NadoHal  Standard  Reference  Data  Scries — Provides  quanti- 
tative data  on  the  physical  and  chemical  properties  of 
materials,  compiled  from  the  world  s  literature  and  critically 
evaluated.  Developed  under  a  world-wide  program  co- 
ordinated by  NBS.  Program  under  authority  of  National 
Standard  Data  Act  (Public  Law  90-396). 


NOTF.:  At  present  the  principal  publication  outlet  for  these 
data  is  the  Journal  of  Physical  and  Chemical  Reference 
Data  (JPCRD)  published  quarterly  for  NBS  by  the  Ameri- 
can Chemical  Society  (ACS)  and  the  American  Institute  of 
Physics  (AIP).  Subscriptions,  reprints,  and  supplements 
available  from  ACS,  1155  Sixteenth  St.  N.W.,  Wash..  D.C. 
20056. 

BuiMing  Science  Scries — Disseminates  technical  information 
developed  al  the  Bureau  on  building  materials,  components, 
systems,  and  whole  structures.  The  series  presents  research 
results,  test  methods,  and  performance  criteria  related  lo  the 
structural  and  environmental  functions  and  the  durability 
and  safety  characteristics  of  building  elements  and  systems. 

Technical  .Notes — Studies  or  reports  which  arc  complete  in 
themselves  but  restrictive  in  their  treatment  of  a  subject. 
Analogous  lo  monographs  but  not  so  comprehensive  in 
scope  or  definitive  in  treatment  of  the  subject  area.  Often 
serve  as  a  vehicle  for  final  reports  of  work  performed  at 
NBS  under  the  sponsorship  of  other  government  agencies. 
Volunlary  Product  Standards — Developed  under  procedures 
published  by  the  Deparunent  of  Commerce  in  Part  10, 
Title  15,  of  Ihe  Code  of  l-ederal  Regulations.  The  purpose 
of  the  standards  is  to  establish  nationally  recognized  require- 
ments for  products,  and  to  provide  all  concerned  interests 
with  a  basis  for  common  understanding  of  the  characteristics 
of  the  products.  NBS  administers  this  program  as  a  supple- 
ment lo  the  activities  of  the  private  sector  standardizing 
organizations. 

Consumer  Information  Series — Practical  information,  based 
on  NBS  research  and  experience,  covering  areas  of  interest 
to  the  consumer.  Easily  understandable  language  and 
illustrations  provide  useful  background  knowledge  for  shop- 
ping in  today's  technological  marketplace. 
Order  above  NBS  publications  from:  Superintendent  of 
Documents,  Government  Priming  Office,  Washington,  D.C, 
20402. 

Order  following  SBS  publications — NBSlR's  and  FIPS  from 
the  National  Technical  Information  Services,  Springfield, 
Va.  22161. 

Federal  Information  Processing  Standards  Publications 
(I-IPS  PI  B>  Publications  in  this  series  collectively  consti- 
tute the  Federal  Information  Processing  Standards  Register. 
Register  serves  as  Ihe  official  source  of  information  in  the 
Federal  Government  regarding  standards  issued  by  NBS 
pursuant  to  the  Federal  Properly  and  Administrative  Serv- 
ices Act  of  1949  as  amended.  Public  Law  89-306  (79  Stat. 
1127),  and  as  implemented  by  Executive  Order  11717 
(38  FR  1 23 1 5.  dated  May  11,  1973)  and  Part  6  of  TiUe  15 
CFR  (Code  of  Federal  Regulations). 

NBS  Interagency  Reports  (NBSIR)--A  special  series  of 
interim  or  final  reports  on  work  performed  by  NB.S  for 
outside  sponsors  (both  government  and  non-government). 
In  general,  initial  distribution  is  handled  by  the  sponsor; 
public  distribution  is  by  the  National  Technical  Information 
Services  (Springfield,  Va.  22161)  in  paper  copy  or  microfiche 
form. 


BIBLIOGRAPHIC  SUBSCRIPTION  SERVICES 


The  following  current-awareness  and  lilcmlurc-survey  bibli- 
ogrupbics  arv  iviued  periodically  by  the  Bureau: 
CrjoRcnic  Data  Center  Current  Awareness  Service.  A  litera- 
ture survey  issued  biweekly.  Annual  subscription:  Domes- 
tic, $25.00;  Foreign,  $30.00. 
Liquified  Natural  Gas.  A  literature  survey  issued  quarterly. 
Annual  subscription:  $20.00. 


.Superconducting  Devices  and  Materials.  A  literature  sin^ey 
issued  quarterly.  Annual  subscription:  $30.00.  Send  subscrip- 
tion orders  and  remittances  for  Ihe  preceding  bibliographic 
services  to  National  Bureau  of  Standards,  Cryogenic  Data 
Center  (275.02)  Boulder,  Colorado  80302.  . 
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